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A review of the gymnosperms of the Northern Territory 


DALE DIXON 

Northern Territory Herbarium 
PO Box 496, Palmerston NT 0831, AUSTRALIA 
dale, dixon @ nt.gov.au 

ABSTRACT 

A treatment of the ‘gymnosperms’ native to the Northern Territory is provided. Fourteen species are recognised in 
four genera: Podocarpus (one species), Callitris (two species), Cycas (10 species), and Macrozamia (one species). 
Cycas brunnea is not recognised as occurring in the Northern Territory. The subspecies of Cycas arnhemica are 
reduced to synonymy under this species and Cycas canalis subsp. carinata is reduced to synonymy under Cycas 
canalis. Only two subspecies, Cycas maconochiei subsp. maconochiei and Cycas maconochiei subsp. viridis, are 
recognised for Cycas maconochiei. Identification keys to the genera, species, and infraspecific taxa in the Northern 
Territory are provided. Descriptions, notes, illustrations and distribution maps are also provided. 

Keywords: gymnosperm, Cycadophyta, Pinophyta, Callitris, Podocarpus, pine, Cycas, Macrozamia, cycad, zamia. Northern 
Territory, Australia. 


INTRODUCTION 

It is 87 years since the only complete treatment of 
the Flora of the Northern Territory was published by 
Ewart and Davies (1917). Although this Flora has been 
criticised (Anon in Chippendale 1971; Short 1997), there 
is no doubt that it was an accomplishment for its time, 
as even today there is no intention to produce a Territory¬ 
wide flora. However, with the preparation of treatments 
for the non-angiosperm families for the long anticipated 
first volume of the Flora of the Darwin Region, it was 
realised that with little extra effort a treatment of the 
‘gymnosperms’ covering all of the Northern Territory 
could be accomplished. The task was made easier by a 
recent treatment of the ‘Gymnosperms’ in volume 48 of 
the Flora of Australia (Hill 1998a, 1998b). 

Ewart and Davies (1917) recorded and described 
three ‘gymnosperms’ for the Northern Territory. Data 
obtained from the Flora of Australia (1998, Vol 48) 
indicated that 15 ‘gymnosperm’ species arc recognised 
as occurring in the Northern Territory. Forestry 
plantations of Pinus carilmea Morelet and Pinas 
oocarpa Schiede have been established on the Tiwi 
Islands, but have not become naturalised (Ian Cowie, 
pers. comm.). Recent field work in some of the more 
remote and inaccessible areas by the author and other 
collectors has revealed range extensions and 
additional data for some species. These additional data 
include a southern range extension for Cycas pruinosa 
(Kirkimbie Station), an eastern (Gimbat Homestead) 
and northern (Burrell Creek near Adelaide River 
township) range extension for Cycas conferta, 


rediscovery of Cycas armstrongii from the type 
locality on Cobourg Peninsula (Port Essington), and 
a southern range extension for Cycas canalis (Flora 
River Conservation Reserve). 

MATERIALS AND METHODS 

Herbaria abbreviations follow Holmgren et al. 
(1990). Abbreviations for the Northern Territory and 
for Australian states appear as N.T., Qld, W.A., S.A. 
and N.S.W. under the sections on types, specimens 
examined and distribution for each species, whereas 
they are written in full elsewhere. 

All species descriptions and illustrations have been 
prepared solely from Northern Territory specimens 
held at the Northern Territory Herbarium (DNA), and 
National Herbarium of New South Wales (NSW). 
Specimens of Cycas maconochiei subsp. viridis K.D. 
Hill were received on loan from New South Wales. 

With the exception of Cycas arenicola K.D. Hill and 
Cycas maconochiei subsp. viridis, all Northern Territory 
Cycas were examined in habitat. Provcnanced living 
collections of Podocarpus grayae de Laub., and 
Macrozamia macdonnellii (F. Muell. ex Miq.) A. DC. 
were examined al the George Brown Darwin Botanic 
Gardens. Callitris glaucopliylla J. Thompson and 
L.A.S. Johnson was not examined in habitat. The family 
concepts used in this paper, although not described, are 
those used in the Flora of Australia, Vol. 48 (1998). All 
illustrations were drawn by Monika Osterkamp-Madsen. 
Collections cited in the specimen examined sections are 
sorted alphabetically by collector. 
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SYSTEMATICS 

Key to the ‘gymnosperm’ families and genera in 
the Northern Territory 

la. Palm-like plants with pinnate leaves.2 

lb. Trees with or without obvious leaves.3 

2a. Pinnae with prominent midvein. 

...Cycadaceae, Cycas 

2b. Pinnae with parallel venation .. 

.Zamiaceae, Macrozamia macdonnellii 

3a. Adult leaves scale-like. 

.Cupressaceae, Callitris 

3b. Adult leaves flattened with an obvious midrib .. 
.Podocarpaceae, Podocarpus grayae 

Podocarpaceae 

A family of 180 species representing 18 genera. 
Found throughout Africa, Japan, Malesia, Australia, 
New Zealand and South America. Sixteen species in 
Australia, one species in the Northern Territory. 
Taxonomic references: de Laubenfels (1985): Hill 
(1998a). 

Podocarpus L’Her. ex Pers. 

Dioecious, rarely monoecious, trees or shrubs. 
Leaves linear, oblong, spirally arranged, pseudo- 
whorled, with a distinct midrib. Male strobili 
cylindrical, sessile or stalked, solitary or axillary in 
groups of the upper leaves; microsporophylls crowded, 
spirally arranged. Female cone a single fertile scale 
bearing 1 or 2 (-3) ovules. Fertile scales fused to 1 or 
more sterile scales; fused structure (receptacle) solitary 
on a short axillary shoot or peduncle, fleshy or leathery 
and becoming strongly coloured at maturity. Peduncle 
naked. Seed coat leathery at maturity, red, purple or 
black. 

A genus of 94 species, widely distributed through 
the Americas, Africa, Australia, New Zealand, the 
Pacific islands, and Asia. Seven species in Australia, 
one in the Northern Territory. 

Podocarpus grayae de Laub. 

(Figs 1, 2A-B) 

Brown Pine 

Podocarpus grayae de Laub., Bluinea 30: 275 
(1985) as 'grayii'. 

Type: upper Parrot Creek, Annan River, Cape York, 
Qld, 12 September 1948, L.J. Brass 20203\ holo: L 
(photo seen); iso: A n. v., BRI n.v., K n.v. 

Specimens examined, (selection only, 12 collections 
seen). Australia, Northern Territory: Podocarpus Gorge, 
1 March 1990, Brennan, K.G. 259 (DNA); tributary of 
East Alligator River, 20 June 1996, Liddle, D.T. 1565 
and Dempster, R. (BRI, CANB. DNA, MEL); upper 
Goomadeer River, 29 October 1987, Russell-Smith, J. 
3858 and Lucas, D. (CANB. DNA, NSW); upper East 
Alligator River, Arnhem Land, 20 April 1988, Russell- 


Smith, J. 5254 and Lucas, D. (BRI, DNA); 53 km E of 
Jabiru. Arnhem Land, 25 October 1987, Russell-Smith, 
J. 3761 and Lucas, D. (BRI, CANB, DNA, K, MEL, 
NSW). 

Description. Tree to 12 m. Bark thin, smooth to 
thinly scaly. Leaves with petiole 4-8 mm long; lamina 
linear, 6-25 cm long, 9-17 mm wide, dark green; midrib 
depressed on upper surface, prominently raised on 
lower surface, apex acuminate, base cuneate. Male 
cones cylindrical 20-30 mm long. 3-4 mm diameter, 
sessile or on peduncles to 1 mm long, in groups of 1- 
4; microsporophylls loosely imbricate triangular to 2 
mm long, short. Female cones of I fertile scale with 
one or two ovules, solitary, axillary on peduncles 6-9 
mm long; receptacle 9-14 mm long, fleshy, red at 
maturity. Mature seed to 15 mm long, to 12 mm 
diameter, dark red. Fertile plants : April and October. 

Distribution. In the Northern Territory, P. grayae 
is restricted to the western Arnhem Land escarpment 
(Fig. 1). Also found in north-east Queensland. 

Notes. Podocarpus grayae occurs in monsoon 
vine forest on sandstone, frequently with 
Allosyncarpia ternata. As DNA holds very few 
specimens of P. grayae, the description presented above 
has been modified from Hill (1998a). 

Various spellings of the specific epithet have been 
used for this taxon. On the holotype, de Laubenfels 
has annotated the specimen "Podocarpus grayT. In his 
revision of Podocarpus, de Laubenfels (1985) used the 
epithet "grayii'. As P. grayae was clearly named after 
Netta Gray (see de Laubenfels 1985: protologue) the 
ending requires correction. According to Article 60 of 
the International Code of Botanical Nomenclature 
(ICBN) (Greuter et al. 2000), ‘the original spelling of 



Fig. 1. Distribution of Podocarpus grayae in the Northern Territory. 
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Fig. 2. A. B. Podocarpus grayae: A, tip of branch with female strobulus (Brennan 1390 ); B, male strobili (Bowman s.n. DNA51738). 
C-F. Callitris glaucophylla: C, tip of branch with male strobili; D. female cone, E, seed, and F, open cone (Banin 1141). G-J. Callitris 
intratropica. G, tip of branch with male strobili ( Smith 334)\ H, seed; I, open female cone, and J, closed female cone (Henry 74). Scale 
bars: A = 3 cm, B-J = 1 cm. 
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a name or epithet is to be retained, except for the 
correction of typographical or orthographical errors...’. 
Recommendation 60C of the ICBN provides examples 
of masculine and feminine endings for Latinised 
personal names and as such the ending of the specific 
epithet as been corrected accordingly to reflect its 
feminine origin. 

Cupressaceae 

A cosmopolitan family of 155 species representing 
30 genera. Twenty-two species in Australia. One genus 
with two species in the Northern Territory. Taxonomic 
reference: Hill (1998a). 

Callitris Vent. 

Monoecious trees or shrubs. Juvenile leaves acicular 
in whorls of 4. Adult leaves much reduced, appressed, 
triangular, alternating in whorls of 3. Male cones 
terminal, solitary, paired or clustered; scales imbricate 
trimerous, whorled; microsporangia 2-6, abaxial. Female 
cones solitary or clustered, scales in 2 whorls of 3; fertile 
scales with 1-8 ovules. Mature cones persistent or 
deciduous. Seeds 1-8 per scale, 1-3 winged. 

A genus of 19 species, 17 of which are found in 
Australia, two in the Northern Territory. 

Key to the species of Callitris in the 
Northern Territory 

la. Foliage grey-green or glaucous .. C. glaucophylla 

lb. Foliage dark green.C. intratropica 

Callitris glaucophylla J. Thompson and 
L.A.S. Johnson 

(Figs 2C-F, 3) 

White Cypress or White Pine 

Callitris glaucophylla J.Thompson and L.A.S. 
Johnson, Telopea 2: 731 (1986). 

Type: Noonah Vale, c. 28 km SW of Garah, N.S.W., 
29 H 08’S, 140°26'E, 5 October 1978. K.L. Wilson 1942; 
holo: NSW, n.v.; iso; BRI, n.v., K, n.v., RSA, n.v. 

Callitris columellaris var. campestris Silba, 
Phytologia Mem. 7: 16 (1984). Type: cited as Grangie, 
N Boualilen [Trangie, W. Baeuerlen], N.S.W., 
November 1902; holo; n.v. 

Specimens examined, (selection only, 49 collections 
seen). Australia, Northern Territory: 3.5 km SE Mt 
Freeling, 3 March 1998, Albrecht, D.E. 8469 and 
Gaskon, W. (NT); 9 km NW Inindia Bore, Curtin Springs 
Station, 25 March 1998, Albrecht, D.E. 8555 (NT); 
Upper Stokes Creek, Watarrka National Park, 24 August 
2002, Barnetson, J.S. 130 (NT); Rainbow Valley 
Conservation Reserve, 300 m SW of outcrop, 29 July 
1992. Barritt, M.J.A. 1141 (AD, DNA, MEL, NT); 20 
miles W Ormiston Gorge Waterhole. W Macdonnell 
Range, 20 January 2003, Bell, C.L. 10 (NT); 4 km E of 
first rest area, Namatjira Drive, 17 October 2001, Collins, 
T.L. 13 (NT); Napperby, 24 January 1950, Everist, S.L. 


4189 (DNA); Joker Gorge, 4 February 1994, Fischer, G. 
s.n. (NT); Paddy’s Gorge, 4 February 1994, Fischer, G. 
s.n. (NT); N’Dhala Gorge Nature Park, 21 August 1999, 
Gray, B. 78 (NT): S of Lake Neale, 12 April 1972, Henry, 
N.M. 430 (DNA, NT); 14 km E Atnarpa Homestead, 18 
July 1991, Latz, P.K. 12081 (NT); Mt Mary, E Harts 
Range, 28 October 1993, Latz, P.K. 13465 (DNA, MEL); 
WendofMt Riddock, 25 October 1993, Latz, P.K. 13433 
(DNA, MEL); 16 km NNW Wallara Ranch, 20 
September 1998, Latz, P.K. 15653 (NT); Ilparpa Range, 
S of Alice Springs, I January 1991, Latz. P.K. s.n. (NT); 
Ooramina, 28 April 1975, Latz, PK. s.n. (NT): Kernot 
Range, Angus Downs Station, 13 September 1999, Latz, 
P.K 15966 (NT): 20 km ESE Ellery Big Hole, 19 May 
2000, Latz, P.K. 16186 (NT); 43 km SW Haasts Bluff 
Settlement, 25 November 2000. Latz, P.K. 17399 (NT); 
Finke Gorge N.P., N of campgound, 9 March 1995, 
McDonald, S. s.n. (NT); Palm Valley, 13 October 1996, 
Michell, C.R 421 and McGregor, F. (DNA, NY); 34 
miles NW Glen Helen Homestead, 5 February 1955, 
Winkworth, R.E. 840 (CANB, DNA); 8 miles W Mt 
Doreen Station, 5 July 1954. Winkworth, R.E. 441 
(CANB, DNA). 

Description. Tree to 15 m. Leaves 1-3 mm long on 
ultimate branchlets, grey-green often glaucous. Male 
cones solitary, cylindrical, to 6 mm long. Female cones 
solitary, ovoid to depressed-globular, 15-20 mm 
diameter; 3 large cone scales alternating with 3 small 
cone scales, separating almost to the base and spreading 
widely after opening. Seeds numerous with wings to 4 
mm wide. Fertile plants: all year. 

Distribution. In the N.T., restricted to S of latitude 
22° (Fig. 3). Also in Qld, N.S.W. S.A. and W.A. 

Notes. Grows predominantly on rocky slopes and 
in gorges on a variety of substrates such as sandstone, 
quartzite, granite, and dolomite. 

Callitris intratropica R.T.Baker and H.G. Sm. 

(Figs 2G-J, 3) 

Callitris intratropica R.T. Baker and H.G. Sm., Res 
Pines Australia 172 (1910). 

Callitris columellaris var. intratropica (R.T. Baker 
and H.G. Sm.) Silba, Phytologia Mem. 7: 16 (1984); 
Frenela robusta var. microcarpa A. Cunn. ex Benth., 
FI. Austral. 6: 237 (1873); Callitris robusta var. 
microcarpa (A. Cunn. ex Benth.) F.M. Bailey, Syn. 
Queensland FI. 497 (1883); Callitris robusta var. 
intratropica (R.T. Baker and H.G. Sm.) Ewart and O. 
Davies, FI. N. Terr. 19 (1917). 

Type: Arnhem Land, N.T., F. Mueller, lecto: K, n.v.\ 
isolecto: K n.v. 

Specimens examined, (selection only, 67 collections 
seen). Australia, Northern Territory: tributary of Allia 
Ck, c.9 km S of Fletcher Gully Mine, 9 May 1994, 
Albrecht, D.E. 5970 and Cowie, I.D. (DNA, NT); SE of 
Brocks Creek, 5 July 1946, Blake, S.T. 16342 (BRI, 
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DNA); 2 km S of Magela Falls, 22 May 1994, Brennan, 
K.G. 2843 (DNA); English Company Islands, Inglis, 19 
September 1996, Brennan, K.G. 3358 (DNA); Wadeye, 
30 July 1993, Coleman, C. 580 (DNA); Seven Emu 
Station, 30 May 1993, Conn, B.J. 3769 and Doust, A.N.L. 
(DNA, NSW, MEL); Groote Eylandt, near Emerald 
River, 12 September 1991, Cowie, I.D. 2033 and 
Brocklehurst, P. (CANB, DNA, MEL); Melville Island, 
Pickertaramoor, 31 March 1994, Cowie, I.D. 4833 
(DNA); Litchfield National Park, track to Lost City, 24 
March 1995, Cowie, I.D. 5385 and Taylor, S.M. (DNA); 
South West Island, Sir Edward Pellew Group, 9 February 
1976, Craven, L.A. 3736 (CANB, DNA); Macadam 
Range, 2 March 1989, Dunlop, C.R. 8088 and Leach, 
G.J. (DNA, MEL); Donydji, Arnhem Land, 15 June 
1989, Dunlop, C.R. 8459 and White, N.G. (DNA); Cape 
Shield, 4 May 1993, Dunlop, C.R. 9468 and Cowie, I.D. 
(DNA); Angalarri River catchment, 15 May 1994, 
Dunlop, C.R. 10046 andLalz, P.K. (DNA, MEL); Moyle 
River, 70 km E of Port Keats, 10 May 1994, Dunlop, 
C.R. 13778 and Lalz, P.K. (DNA, MEL); Winchelsea 
Island, 14 May 1993, Egan, J.L. 2463 (DNA); Nitmiluk 
National Park, “Tasmania”, near Mt Shepherd, 7 
November 1990, Evans, M. 3461 (DNA, K); 56.5 km E 
of Beswick, 23 August 1991, Hill, K.D. 3898 and 
Stanberg, L. (CANB, DNA, NSW); Fitzmaurice River 
headwaters, 13 May 1994, Latz, P.K. 13891 and Dunlop, 
C.R. (CANB, DNA); Bickerton Island, Milyakburra 
Community, 29 April 1993, Leach, G.J. 3473 and 
Dunlop, C.R. (DNA); Elcho Island, 2 July 1975, 
Maconochie, J.R. 2101 (CANB, DNA, K); Vicinity of 
El Sharana Mining Camp, 17 January 1973, Martensz, 
P. AE366 and Schodde, R. (BRI, CANB, DNA); 34 miles 



Fig. 3. Distribution of Callitris in the Northern Territory. Callitris 
glaucophylla (open circles), Callitris intratropica (closed circles). 


NEGoyder River Crossing, 17 June 1972, Must, J. 1022 
(CANB, DNA, K); Berry Spings, 13 December 1974, 
Parker, M.O. 602 (DNA, MO); 10 miles N of Borroloola, 
27 July 1948, Perry, R.A. 1780 (CANB; DNA); near 
Jabiluka, W Rock Pools Geringbah Escarpment Base, 
24 July 1980, Puttock, C.F. 10169 and Waterhouse, J.T. 
(CANB, DNA, NSW, QRS); Mt Borraile, near Tassie 
Tiger site, Arhnem Land, 31 August 2002, Rochford, 
D.C. 73 and Pritchard, M.A. (DNA); 10 km S 
Maningrida, 22 June 1987, Smith, N.M. 662 (DNA); 
Elcho Island, 1 km E barge landing, 28 April 1987, Smith, 
N.M. 582 (DNA); White Stone near Barunga 
Community, 11 December 1996, Smith, N.M. 3940 
(DNA); 20 miles NE of Dorisvale Station, 14 August 
1961, Speck, N.H. 1601 (CANB, DNA); 37 km E of 
Goyder River Crossing, 17 June 1972, Symon, D.E. 7744 
(AD, DNA); Vanderlin Island, 10 km S Lake Eames, 26 
July 1988, Thomson, B.G. 2631 (DNA); Yambarran 
Range, 19 km NE Mt Milik Monmir, 15 May 1994. 
Walsh, N.G. 3785 and Leach, G.J. (DNA, MEL); 
Murgenella, Brady’s Road, 9 July 1985, Wightman, G.M. 
1934 (DNA); 15 km N Nathan River Station Homestead, 
8 May 1985, Wightman, G.M. 1874 (DNA); Cobourg, 
Buffalo River, 15 August 1995, Wightman, G.M. 6480 
(DNA); 30 km W of Katherine, 19 July 1995, Wightman. 
G.M. 6456 and Jackson, D.M. (DNA); Spirit Hills 
Station, Site 1,20 August 1987, Wilson, P.L. 779 (DNA). 

Description. Tree to 24 m. Leaves ca. 2 mm long 
on ultimate branchlets, dark green. Male cones solitary 
or in small clusters at tips of branchlets, elongate-ovoid, 
to 3 mm long. Female cones solitary, usually depressed- 
globular, 12-18 mm diameter; 3 large cone scales 
alternating with 3 small cone scales, separating almost 
to the base and spreading widely after opening. Seeds 
numerous with wings to 4 mm wide. Fertile plants : all 
year. 

Distribution. Occurs N of latitude 17° in the N.T. 
(Fig. 3). Also in W.A. and Qld. 

Notes. Occurs on sandy soils in open woodland, and 
on rocky outcrops of laterite, sandstone, and quartzite. 
Used in timber plantations in the Howard Springs area. 

Cycadaceae 

A monogeneric family with species found in east 
Africa, Madagascar, Malcsia, Asia, S.E. Asia, Polynesia 
and Australia. Taxonomic references: Hill (1992, 1993, 
1994, 1996, 1998b). Other useful references: Hill and 
Osborne (2001), Jones (2002), and Whitelock (2002). 

Cycas L. 

Palm-like plants with erect, cylindrical stems with 
persistent leaf bases, occasionally branched, or 
subterranean trunks (not in Australia), dioecious. Leaves 
pinnate, spirally arranged, evergreen or deciduous, 
alternating with flushes of cataphylls. Pinnae entire or 
divided (not in Australia), with a single midrib, lateral 
veins absent. Male sporophylls produced on determinate 


5 





D. Dixon 


cones with a central axis, lamina terminating with an 
upturned spine. Female sporophylls spirally arranged 
around the apical meristem. Ovules 1-12, inserted 
opposite or alternately on the lamina. Female sporophyll 
apex flattened, margin entire or toothed, and terminating 
with a spine. Seeds yellow, orange or brown. 

A genus of ca. 50 species, ca. 27 species are found 
in Australia, with 10 found in the Northern Territory. 
In Australia restricted to the tropical areas of Western 
Australia, the Northern Territory and Queensland. Two 
exotic species, Cyccis revoluta Thunb. and Cycas 
thouarsii R. Br. ex Gaudich., are common cultivated 
species in Darwin. 

Key to the species of Cycas in the 
Northern Territory 

1 a. Pollen cones fusiform; margins of pinnae revolute, 
or recurved and tomentose, or pubescent below 

.2 

lb. Pollen cones ovoid-globose; margins of pinnae 
flat, or recurved and glabrous, or pubescent below 

.4 

2a. Leaves deeply keeled in cross section at least in 
distal 2/3 of frond; pinnae of mature fronds 

glabrous, or sparsely pubescent below. 

. C. prulrtosa 

2b. Leaves flat in cross section; pinnae of mature 

fronds tomentose below.3 

3a. Ultimate basal pinnae spaced at 8-14 mm along 
rachis; median pinnae to rachis angle 46"-58°; 
bases of median pinnae decurrent for 2.0-4.5 mm 

along rachis; margins of pinnae recurved. 

.C. arenicola 

3b. Ultimate basal pinnae spaced at 2-7 mm along 
rachis; median pinnae to rachis angle 60°-74°; 
bases of median pinnae decurrent for 0.5-1.5 mm 

along rachis; margins of pinnae revolute. 

.C. calcicola 

4a. Leaves deeply keeled in cross section; large robust 

trees up to 12 m tall.C. angulata 

4b. Leaves flat or shallowly keeled in cross section; 

trees up to 6 m. 5 

5a. Midvein of pinnae very prominently raised on 

abaxial surface when compared with adaxial 

surface.... 6 

5b. Midvein of pinnae not very prominently raised on 
abaxial surface when compared with adaxial 

surface.8 

6a. Cataphyll tips pungent; abaxial surface of pinnae 

glabrous or almost so.C. orientis 

6b. Cataphyll tips not pungent; abaxial surface of 

pinnae brown pubescent. 7 

7a. Cataphylls densely brown woolly; seed pruinose; 

west coast of Top End.C. maconochiei 

7b. Cataphylls densely orange-grey tomentose; seed 

not pruinose; central Arnhem Land. 

... C. arnhemica 


8a. Median pinnae overlapping or spaced at up to 
2.4 mm along the rachis; basal pinnae spaced at 

0.4-6.6 mm along rachis.C. conferta 

8b. Median pinnae never overlapping and spaced from 
3.0-7.4 mm along rachis; ultimate basal pinnae 

spaced at 7.5-19.7 mm along rachis.9 

9a. Pinnae dull glaucous, some evidence of wax on 
petiole; cataphylls densely dark-orange woolly; 

seed glaucous/pruinose.C. canalis 

9b. Pinnae shiny, not glaucous; cataphylls light orange 
tomentose, glabrescent; seed not glaucous/ 
pruinose.C. armstrongii 

Cycas angulata R. Br. 

(Figs 4, 5A-H) 

Cycas angulata R. Br. Prodr. 348 (1810). 

Type: Bountiful Island, Qld, R. Brown ; holo: ?BM; 
iso: ?K. 

Specimens examined, (selection only, 46 collections 
examined). Australia, Northern Territory: McArthur 
River Area, 6 June 1976, Craven, L.A. 4155 (CANB, 
DNA); Little Wearyan River, 21 November 2002, Dixon, 
D.J. 1064 and Pritchard, M.A. (DNA); Manangoora 
Homestead. 26 September 1991, Hill, K.D. 4132 and 
Stanberg, L. (CANB, DNA, NSW); Wollogorang 
Station, upper Settlement Creek, 27 September 1991, 
Hill, K.D. 4135 and Stanberg, L. (CANB, DNA, NSW); 
2kmEofFoelschcRiver, 16Junc 1992 .Larcombe, D.R. 
68 (DNA); Upper Debbil Creek, spring, 25 January 
1989, Latz, P.K. 11247 (DNA, MEL, MO); Wearyan 
River crossing, 58 km E McArthur River crossing, 17 
June 1974, Maconochie, J.R. 2046 (DNA); Along 
Foelsche River, Borroloola area, 17 September 1994, 
Robertson, R.M. 10 (DNA); Echo Gorge, along 
Wollogorang road 30 km SW Wollogorang, 16 



Fig. 4. Distribution of Cycas angulata in the Northern Territory. 
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Fig. 5. A-H. Cycas angulata. A, hahit {DNA slide collection, Manangora Station)-, B, megasporophyll {Must I088)\ C, megasporophyll 
lamina variation ( Maconochie 2045 ); D, mid portion of leaf and E, C.S. of pinna ( Michel !684)\ F, C.S. of leaf (GBDBG living collection 
94-B000425-4); G, microsporophyll ( Byrnes 2782)\ H. cataphylls ( GBDBG living collection 02-664-1). Scale bars: A = 1 m, B-D, G, H 
= 1 cm, E = 1 mm. 
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September 1994, Robertson, R.M. 6 (DNA): Moonlight 
Gorge, Wollogorang, 17 September 1994, Robertson, 
R.M. 8 (DNA); 4 km S Spear Waterhole, Wollogorang, 
23 January 1989, Russell-Smith, J. 6857 (DNA). 

Description. Stems to 8 m (12 m) tall. Leaves 100— 
160 cm long, with 170-360 pinnae, deeply keeled in 
cross section, rachis terminated cither by a spine or 
pinnae. Petiole 27-42 cm long unarmed or 11-79% 
spinescent. base and remainder grey-brown tomentose, 
glabresccnt. Basal pinnae not gradually reducing to 
spines although the basal 2-4 pinnae may be shorter 
than the preceding pinnae, basal pinnae spaced at 4.6- 
8.5 mm along rachis. Median pinnae 126-264 mm long, 
4.5-6 mm wide, abaxial surface brown, grey-brown, 
or grey pubescent, glabrescent, pinnae midrib to rachis 
angle 38°-64°, slightly keeled in cross section, margins 
flat to slightly recurved, bases narrowed to 3-4.5 mm, 
slightly decurrent for 1-2.5 mm, apex pungent, midrib 
slightly depressed or flat above, raised and prominent 
below, pinnae spaced at 1-3 mm along rachis, becoming 
more crowded towards apex. Cataphylls hard, pungent, 
to 13 cm long, densely orange tomentose. Pollen cones 
globose to subglobose, 20-25 cm long, 12-15 cm in 
diameter, lamina 45-60 mm long, 15-20 mm wide, 
apical spine 20-30 mm long, sharply upturned. 
Megasporophylls 25-60 cm long with 6-12 ovules, 
lamina 50-83 mm long, 24-39 mm wide, apical spine 
26-37 mm long, margin dentate with 6-36 teeth to 2 
mm long, brown, grey-brown, or grey tomentose, 
glabrescent. Seeds 36-49 mm long, 30-44 mm in 
diameter, pruinose. 

Distribution. Cycas angulata is known to occur in 
three populations. In the Northern Territory, specimens 
have been collected from the Borroloola area and 
Wollogorang Station (Fig. 4), and in Queensland from 
Bountiful Island. 

Notes. This species is the most robust of the 
Northern Territory Cycas, with some individuals 
reported to reach a height of 12 metres. Developing 
leaves and sporophylls of C. angulata are brown 
tomentose; however, at maturity, and with increasing 
age, the density of the tomentum diminishes so that 
each organ may appear glabrous. The colour of the hairs 
fade to grey or light brown-orange with age. Parts of 
the plant with less exposure to the elements such as 
the bases of petioles and megasporophylls retain some 
degree of tomentum. 

Hill (1992) distinguished Cycas brunnea from 
C. angulata by the broader, flatter pinnae with margins 
less recurved, the pinnae more widely spaced, the 
leaves and seeds generally more strongly glaucous, 
and the smaller seeds. In assessing specimens held at 
DNA of both these laxa, clear differences that 
adequately define the purported populations of C. 
brunnea in the Northern Territory could not be 
identified. Thus C. brunnea is not considered to occur 
in the Northern Territory. 


Cycas arenicola K.D. Hill 

(Figs 6, 7A-F) 

Cycas arenicola K.D. Hill, Telopea 5: 419 (1993). 

Type: upper East Alligator River, N.T., 7 September 
1991, J. Russell-Smith 8502 and ./. Bract, holo NSW 
n.v.; iso: DNA. 

Other specimens examined, (selection only, 11 
collections seen). Australia. Northern Territory: upper 
East Alligator River, 4 June 1996, Liddle, D.T. 1515 and 
Anderson, H. (DNA); Arnhem Escarpment, upper East 
Alligator River, 21 June 1996, Michell, C. 235 and Knox, 
S.F. (DNA); East Alligator River, dissected sandstone 
escarpment, 12 May 1997, Short, P.S. 4629 and 
Mangion, C.P. (DNA). 

Description. Steins to 2 m tall. Leaves 93-163 cm 
long, with 176-254 pinnae, flat to slightly keeled in cross 
section, rachis terminated by pinnae. Petiole 15-37 cm 
long, 33-82% spinescent, base orange-grey velvety, 
orange-grey tomentose along petiole, glabrescent. Basal 
pinnae not gradually reducing to spines although the 
basal 2-3 pairs of pinnae may be shorter than the 
preceding pinnae, basal pinnae spaced at 8-13.6 mm 
along rachis. Median pinnae 98-168 mm long, 3.5-6.5 
mm wide, abaxial surface orange or orange-grey 
tomentose, adaxial surface glabrous, pinnae midrib to 
rachis angle 46°-58‘’, slightly keeled in cross section, 
margins strongly recurved, occasionally revolute, bases 
narrowed to 1.8-3.5 mm, slightly decurrent for 2-4.5 
mm, apex pungent, midrib depressed above, raised and 
prominent below, pinnae spaced at 3-8 mm along rachis. 
Cataphylls not seen. Pollen cones fusiform to 25 cm 
long, 5-9 cm in diameter, lamina 15-20 mm long, 6-9 
mm wide, apical spine 3-5 mm long, sharply upturned. 
Megasporophylls 17-21 cm long with 2-6 ovules, lamina 



Fig. 6. Distribution of Cycas arenicola in the Northern Territory. 
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Fig. 7. A-F. Cycas arenicola. A. megasporophyll (Michell 235); B, mid portion of leaf; C. C.S. of leaf, and D, C.S. of pinna ( Russell- 
Smith 3867); E, microsporophyll ( Liddle 1514); F, base of leaf ( Russell-Smilh 3867). G-O. Cycas calcicola. G, megasporophyll; H, base 
of leaf, and I, C.S. of pinna (Dixon 913); J. megasporophyll variation ( Liddle 1667); K. mid portion and L, C.S. of leaf; M. cataphylls; 
N, microsporophyll (Dixon 1077); O, pollen-cone ( Hope 3). Scale bars: A, B, E-H, J-N = 1 cm; D, I = 1 mm. 
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17-47 mm long, 14-26 mm wide, apical spine 12-22 
mm long, margin dentate with 13-34 teeth to 5.6 mm 
long, orange-grey velvety. Seeds 28-35 mm long, 25- 

31 mm in diameter, pruinose. 

Distribution, Cycas arenicola is endemic to the 
N.T., with populations recorded from the upper East 
Alligator and Liverpool Rivers (Hill 1996) (Fig. 6). 

Notes. Only occurring on rocky escarpments, 
C. arenicola is easily distinguished from its close 
relative C. calcicola by the less densely tomentose and 
wider pinnae, pinnae margins recurved not revolute, 
and the more widely spaced ultimate basal pinnae. 
Because of its remote and inaccessible locality this 
species is rarely collected. 

Cycas armstrongii Miq. 

(Figs 8, 9A-H) 

Cycas armstrongii Miq., Arch. Need. Sci. Exact. 
Nat. 3(5): 235 (1868); Cycas media var. inermis A.DC., 
Prodr. 16(2): 528 (1868); Cycas media f. inermis Miq. 
Arch. Need. Sci. Exact. Nat. 3(5): 235 (1868). 

Type: Port Essington, N.T., J. Armstrong 380; syn: 
K n.v., U (photo seen). 

Other specimens examined, (selection only, 73 
collections seen). Australia, Northern Territory: Melville 
Island, 12 km N of Pularumpi. 10 October 1995, Barritt, 
M.J.A. 1948 (DNA); near Brocks Creek, 5 June 1946, 
Blake, S.T. 16330 (BRI, DNA); Noonantah, 13 January 
1972, Byrnes, N.B. 2456 (BRI, CANB, DNA, L); Cape 
Hotham Reserve; Escape Cliff, 30 March 1993, Cowie, 

I. D. 3306 (DNA, NSW); Litchfield National Park, just 
N of main entrance, 19 September 2002, Dixon, D.J. 
1055 and Hope, A.M. (BRI, DNA, K); Bathurst Island, 
Big Pig Jungle, 13 June 2001, Dixon, D.J. 953 and Risler, 

J. (DNA); 7.5 miles E of Stuart Highway on Humpty 
Doo road. 17 December 1964, Hooke, EG. s.n. (DNA); 
11 miles SE of Darwin, 29 May 1974, Jacobs, S.W.L. 
1747 (DNA, NSW); Cobourg Peninsula, Port Essington; 
45 minute walk NE of Seven Spirit Bay, 15 June 1995, 
Larcombe, D.R. 136 (DNA. MEL. NSW); 40 miles S of 
Darwin. 10 June 1971, Maconochie, J.R. 1310 ( AD, BRI. 
CANB, DNA, K, MEL, NSW, PERTH); Stuart Highway; 
48 miles S of Darwin, 10 June 1971. Maconochie, J.R. 
1312 (AD, DNA, NSW. PERTH); 3 miles NE of 
Batchelor, 23 September 1971, Maconochie, J.R. 1317 
(CANB, DNA, K, L); Wild Boar Abattoirs, 1 July 1972, 
Maconochie, J.R. 1620 (BRI, CANB, DNA. K): Howard 
River - Gunn Point, 2 May 1996, Michell, C.R. 76 
(DNA); Howard Springs, I January 1971, Morgan, D.J. 
29 (DNA); Darwin, Moil, 9 January 1971, Morgan, D.J. 

32 (DNA); 58 miles S of Darwin on Stuart Highway, 30 
July 1971, Must, J. 733 (DNA); Mount Bundey Training 
Centre, 24 April 1996, Otley, H. s.n. (DNA). 

Description. Stems to 6 m tall. Leaves 44-94 cm 
long, with 84-156 pinnae, Hat to slightly keeled in cross 
section, rachis terminated by a spine. Petiole 12-30 


cm long unarmed or 5-84% spinescent, base orange- 
grey tomentose, grey tomentose along petiole, 
glabrescent. Basal pinnae not gradually reducing to 
spines although the basal 2-4 pinnae may be shorter 
than the preceding pinnae, basal pinnae spaced at 7.5- 
17.7 mm along rachis. Median pinnae 74-182 mm long, 
3.6-8.8 mm wide, shiny, abaxial surface glabrous or 
orange-brown pubescent, glabrescent, pinnae midrib to 
rachis angle 56"-70°, Hat to very slightly keeled in cross 
section, margins flat, bases narrowed to 2.3-4 mm, 
slightly decurrent for 1.5-6 mm, apex pungent, midrib 
equally prominent above and below, pinnae spaced at 
2.8-7 mm along rachis. Cataphylls hard, pungent, to 
11 cm long, densely orange tomentose, glabrescent. 
Pollen cones ovoid, 12-23 cm long, 7-9 cm in diameter, 
lamina 20-27 mm long, 12-20 mm wide, apical spine 

11- 17 mm long, sharply upturned. Megasporophylls 

12- 25 cm long with 1-5 ovules, lamina 11-47 mm long. 
10-33 mm wide, apical spine 14-38 mm long, margin 
dentate with 4-26 teeth to 6 mm long, orange fading to 
grey tomentose, glabrescent. Seeds 29-43 mm long, 26- 
38 mm in diameter, not pruinose. 

Distribution. Endemic to the N.T., and a very 
common species in the greater Darwin area, 
Cycas armstrongii also occurs on the Cox Peninsula, 
Tiwi Islands and Cobourg Peninsula (Fig. 8). 

Notes. In stature, C. armstrongii is one of the 
smallest Cycas species in the Northern Territory. Newly 
emerging leaves are light orange-brown tomentose, 
becoming glabrous-glabrescent at maturity. Hybrids 
between C. armstrongii and Cycas conferta Chirgwin, 
and C. armstrongii and Cycas maconochiei Chirgwin 
and K.D. Hill have been recorded where their ranges 



Fig. 8. Distribution of Cycas armstrongii in the Northern Territory. 
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Fig. 9. A-H. Cycas armstrongii. A, megasporophyll; B, mid portion of leaf; C. C.S. of leaf; D, C.S. of pinna; and E. cataphylls ( Dixon 
1073); F, megasporophyll variation ( Byrnes 2456 and Maconochie 1311); G, pollen-cone and H, microsporophyll (. Maconochie 1318). 
I-P. Cvcas conferta. 1, megasporophyll and J, cataphylls ( Dixon 914); K, mid portion and L, base of leal; M, C.S. ol pinna (Brown 1); 
N, C.S. of leaf (Dixon 1076); O. pollen-cone and P, microsporophylls ( Hope 7). Scale bars: A. B, E. G-L, O. P = 1 cm; D. M = 1 mm. 
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overlap (Hill and Osborne 2001). Individuals of 
C. armstrongii are often left as remnant plants on 
recently subdivided land in the greater Darwin area. 

The type of C. armstrongii is cited by Miquel (1868) 
as ‘In Nova Hollandia boreali ad portum Essington legit 
Armstrong n. 380 herb. Hookeri.’. Hill (1996) in his 
taxonomic revision, having not seen any recent 
collections from the type locality, stated that 
‘C. armstrongii has a limited natural distribution, 
occurring only in the Darwin district, and the type must 
have originated from there, considerably to the west of 
the Port Essington settlement site’. Cycas armstrongii 
has recently been rediscovered from the type locality 
as provided by Miquel (1868) (see specimens 
examined, Larcombe 136). 

Cycas arnhemica K.D. Hill 
(Figs 10, 11A-G, Table 1) 

Cycas arnhemica K.D. Hill, Telopea 5: 693 (1994). 

Type: Goyder River crossing. Arnhem Land, N.T., 
16 June 1977, J.R. Maconochie 1477 ; holo: NSW n.v.\ 
iso DNA. 

Cycas arnhemica subsp. muninga Chirgwin and 
K.D. Hill, Telopea 7: 44 (1996). Type: 2 km S of 
Malgala Ck, Groote Eylandt, N.T., 11 September 1991, 
/. Cowie 2030 and P. Brocklehurst ; holo: NSW n.v.; 
iso: BRI it. v., CANB n.v., DNA, K n.v., MEL/z.v., NSW 
n.v., PERTH n.v.. 

Cycas arnhemica subsp. natja K.D. Hill, Telopea 
7: 46 (1996). Type: Blyth River crossing, east bank, 
Arnhem Land, N.T., 6 September 1972, B. Meehan 56; 
holo: DNA. 

Other specimens examined, (selection only, 74 
collections seen). Australia, Northern Territory: Arnhem 
Land, 92.4 km E of Maningrida turnoff on Bulman road, 
20 September 1987, Clark, M.J. 1358 (DNA); 261.4 km 
SW of Nhulunbuy on Central Arnhem Highway, 28 
November 2002, Dixon, D.J. 1067 and Rochford, D.C. 
(DNA, K); Mudcod Bay, Groote Eylandt, 1 August 1972, 
Dunlop, C.R. 2955 (DNA, K); 1 km N of Gamardi 
Outstation on road to Yilan Outstation, 5 June 2002, 
Griffiths, A.J. 3 (DNA); 13.2 km E of Ramingining 
turnoff on Gove road. 25 August 1991. Hill, K.D. 3919 
and Stanberg, L. (CANB, DNA, NSW); 5.6 km W of 
Blyth River crossing on Ramingining - Maningrida road, 

1 September 1991, Hill, K.D. 3991 and Stanberg, L. 
(CANB, DNA, NSW); W side of Mitchell Ranges, 5 
December 1994, Larcombe, D.R. 127 and Panton, W.J. 
(DNA); 60 km SE of Maningrida, 26 km W of 
Ramingining airstrip, 10 July 1996, Liddle, D.T. 1588 
(BRI. DNA); 7.5 km NW of Old Arafura, located near 
the junction of the Goyder and Glyde rivers, 10 July 
1996, Liddle, D.T. 1592 (BRI. DNA, MO); central 
Arnhem Land, 6.2 km E of the Goyder River crossing, 
beside Nhulunbuy road, 2 August 1996, Liddle, D.T. 
1663 (BRI, DNA); Ramingining Airstrip, Arnhemland, 


I July 1975, Maconochie. J.R. 2073 (DNA); Elcho 
Island, 7 July 1975, Maconochie, J.R. 2133 (CANB, 
DNA, K); Donydji, E Arnhem Land, 10 August 1976, 
Scarlett, N.H. 12 (DNA); Annie Creek Springs, Arnhem 
Land. 11 September 1985, Wightman, G.M. 2226 (DNA); 
Arnhem Land, Milingimbi, Wumila, 13 April 1988, 
Wightman, G.M. 4381 (DNA). 

Description. Stems to 5 m tall. Leaves 52-116 cm 
long, with 98-262 pinnae, flat to slightly keeled in cross 
section, rachis terminated either by a spine or pinnae. 
Petiole 14-38 cm long unarmed or 2-74% spinescent. 
base orange woolly, grey tomentose extending a short 
way up the petiole, glabrescent. Basal pinnae not 
gradually reducing to spines although the basal 2-4 
pinnae may be shorter than the preceding pinnae, or 
very rarely gradually reducing to spines, basal pinnae 
spaced at 3-9.3 (13) mm along rachis. Median pinnae 
75-175 mm long, 3-7 mm wide, abaxial surface light 
brown pubescent, glabrescent, pinnae midrib to rachis 
angle 48‘-80“, keeled in cross section, margins strongly 
recurved, rarely revolute, bases narrowed to 2.3-6 mm, 
slightly decurrent for 0.5-4 mm, apex pungent, midrib 
slightly depressed or flush above, raised and prominent 
below, spaced at 1.5-6.5 mm along rachis. Cataphylls 
soft and fleshy, not pungent, densely orange-grey 
tomentose. Pollen cones ovoid, 15-36 cm long, 6- 
12 cm in diameter, lamina 16-36 mm long, 9-18.5 mm 
wide, apical spine 7-15 mm long, sharply upturned. 
Megasporophylls 12-25 cm long with 1-6 ovules, 
lamina 28-48 mm long, 10-25 mm wide, apical spine 
9.5-31 mm long, margin dentate with 4-36 teeth to 
2.8 mm long, or entire, orange tomentose, blade often 
grey tomentose. Seeds 28-36 mm long, 25-30 mm in 
diameter, not pruinose or occasionally slightly pruinose. 



Fig. 10. Distribution of Cycas arnhemica in the Northern Territory. 
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Fig. 11. A-G. Cycas amhemica. A. mcgasporophyll ( Maconochie 1465); B. megasporophyll variation ( Liddle 1663 and Dixon 1067)-, 
C, mid portion of leaf; D, C.S. of pinna and E, microsporophyll (Liddle 1665); F, C.S. of leaf (GBDBG Living collection 02-B000644- 
/); G. cataphylls (Dixon 1068). H-N. Cycas orientis. H, megasporophyll ( Maconochie 1511 ); I, megasporophyll variation (Maconochie 
1516 and Lichlle 1662 ): J. mid portion of leaf and K, C.S. of pinna ( Liddle 1662); L, C.S. of leaf ( GBDBG living collection 
02-B000647 ); M, microsporophyll ( Liddle 1657); N, cataphylls ( Dixon 1072). Scale bars: A. C, E. G, H, L, M = 1 cm; D, K = 1 mm. 
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Distribution. Cycas arnhemica is endemic to the 
N.T., where it occurs in two populations, one in central 
northern Arnhem Land with extensions to offshore 
islands, and the other on Groote Eylandt (Fig. 10). 

Notes. Cycas arnhemica is most often found in open 
eucalypt woodland on yellow sand or old beach dunes. 
Newly emerging growth is orange-brown tomentose, 
soon becoming almost glabrous. The hairs also fade to 
grey with age. Individuals of Cycas orientis K.D. Hill 
have been recorded from within the range of 
C. arnhemica in central Arnhem Land, but can be 
distinguished from the former by the recurved margins 
of the pinnae. 

Three subspecies, C. arnhemica subsp. arnhemica , 
C. arnhemica subsp. muninga Chirgwin and K.D. Hill, 
and C. arnhemica subsp. natja K.D. Hill have 
previously been recognised by Hill (1996) for this 
taxon. The characters used by Hill (1996) to 
differentiate the subspecies, together with 
measurements taken from additional material held at 
DNA were found to overlap enough to preclude reliable 
identification at subspecific level (Table 1). 


Table 1. Comparison of morphological characters of the Cycas 
arnhemica subspecies recognised by Hill (1996). Key determining 
characters used by Hill (1996) are in bold. 


Character 

arnhemica 

muninga 

natja 

Pinnae spacing 

2.4-6.4 mm 

2-5 mm 

1.5-6.5 mm 

Pinnae width 

4.9-7.0 mm 

3.0-5.8 mm 

3.0-5.3 mm 

Pinnae margin 

Recurved 

Recurved 

Recurved 

Pinnae length 

109-158 mm 

75-175 mm 

75-123 mm 

Pinnae (cross section) 

Keeled 

Keeled 

Keeled 

Pinnae angle of 
insertion 

48-73° 

63-76° 

66-80° 

Male cone length 

15-23 cm 

25-36 cm 

19-22 cm 

Pollen cone diameter 

6-8 cm 

8-12 cm 

8-9 cm 

Seed length 

28-36 mm 

31-35 mm 

31-33 mm 

Seed diameter 

25-30 mm 

26-30 mm 

26-30 mm 


Cycas calcicola Maconochie 
(Figs 7G-0, 12) 

Cycas calcicola Maconochie J. Adelaide Bot. Gard. 
1: 175 (1978). 

Type: 16 km N of Katherine, N.T., 10 June 1971, 

J. R. Maconochie 1314\ holo: DNA; iso: BRI n.v., 
CANB n.v., K n.v., Ln.v, PERTH n.v. 

Other specimens seen, (selection only, 82 collections 
examined). Australia, Northern Territory: 10 km N of 
Katherine along Stuart Highway, 12 June 1994, Brennan, 

K. G. 2858 (DNA); Walker's Creek, Litchfield Park, 7 
December 1986, Brock, J. 176 (DNA); Black Fellow 
Creek, 18 December 1968, Byrnes, N.B. 1240 (DNA); 
Tolrner Falls, Litchfield National Park, 5 October 2001, 
Dixon, D.J. 911 and Hope, A.M. (BRI, DNA); Spirit 
Hills, 9 May 1995, Dunlop, C.R. 10159 and Walsh, B. 
(BRI, DNA, NSW); Litchfield National Park, Tolrner 
Falls, c. 100m from the car park, 5 October 2001, Hope, 


A.M. 3 and Dixon, D.J. (DNA, NSW); Fish River Station, 
mid slope of jump-up on road to Daly River, 10 
September 2001, Kerrigan, R.A. 407 (DNA); Kintore 
Caves Conservation Reserve, 23 August 1996, Liddle, 
D.T. 1667 (BRI. DNA, NSW); Litchfield National Park, 
Bamboo Creek Cycad site 17,9 April 2001, Liddle, D. T. 
2643 and Harwood, R.K. (DNA); Spirit Hills escarpment 
rift valley, 19 Aug 1996, Michell, C.R. 271 and Butler, 
W.H. (DNA); Hill 600 m E of Daly River Police Station, 
1 May 1993, Perner, J. s.n. (DNA); 3 km W Mt Muriel, 
Tipperary, 16 March 1989, Russell-Smith, J. 7896 and 
Brock, ./. (DNA); Katherine Gorge National Park, 27 
April 1977, Wood, A. s.n. (DNA). 

Description. Stems to 3 m tall. Leaves 58-135 cm 
long, with 198-504 pinnae, Hat in cross section, rachis 
terminated either by a spine or pinnae. Petiole 10-33 
cm long, 6-82% spinescent, base orange woolly, grey 
tomentose extending a short way up the petiole, 
glabrescent. Basal pinnae gradually or not gradually 
reducing to spines although the basal 2-4 pinnae may 
be shorter than the preceding pinnae, basal pinnae 
spaced at 2-6.8 mm along rachis. Median pinnae 55- 
140 mm long, 1.7-3.7 mm wide, abaxial surface light 
grey-orange tomentose, pinnae midrib to rachis angle 
60°-74°, keeled in cross section, margins revolute, bases 
narrowed to 1.8-3 mm, slightly decurrent for 0.5-1.5 
mm, apex pungent, midrib slightly depressed, flush, or 
occasionally raised above, raised and prominent below, 
pinnae spaced at 1.4-4.2 mm along rachis. Cataphylls 
soft, not pungent, densely orange woolly. Pollen cones 
fusiform, 20-29 cm long, 4-7 cm in diameter, lamina 
18.5-25 mm long, 12-16 mm wide, apical spine 2.5-9 
mm long, sharply upturned. Megasporophylls 14-27 
cm long with 1-8 ovules, lamina 30-43 mm long, 



Fig. 12. Distribution of Cycas calcicola in the Northern Territory. 
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12-29 mm wide, apical spine 13-23 mm long, margin 
dentate with 15-26 teeth to 8 mm long, orange woolly. 
Seeds 30-38 mm long, 26-32 mm in diameter, pruinose. 

Distribution. Cycas calcicola is endemic to the 
N.T., and is concentrated in the Litchfield, Daly River 
and Katherine area. A disjunct population occurs in the 
Spirit Hills Conservation Reserve adjacent to the Keep 
River National Park (Fig. 12). 

Notes. Throughout its range C. calcicola is mostly 
associated with rocky outcrops. Newly emerging leaves 
are light grey-pale orange tomentose, with the 
tomentum persisting on the undersurface of mature 
leaves. Female plants with eight ovules per 
megasporophyll have been found in the population 
occurring in the Kintore Caves Conservation Reserve 
north west of Katherine. 

Cycas calcicola is often confused with Cycas 
pruinosa Maconochie where the two occur together in 
the Spirit Hills area. The leaves of C. calcicola are flat 
in cross section as opposed to C. pruinosa, where the 
leaves are deeply keeled in the distal 2/3 of the leaf. 
The abaxial surface of the pinnae are tomentose in 

C. calcicola and pubescent in C. pruinosa. Natural 
hybrids between C. calcicola and C. conferta have been 
recorded at Blackfellow Creek area by Hill and Osborne 
(2001). Despite occurring together in the Spirit Hills 
area, no hybrids between C. calcicola and C. pruinosa 
have been recorded. 

Cycas canalis K.D. Hill 

(Figs 13, 14A-1, Table 2) 

Cycas canalis K.D. Hill, Telopea 5: 698 (1994). 

Type: 31.4 km from Labelle Downs Homestead on 
track to Channel Point, N.T., 8 September 1991, K.D. 
Hill 4034 and L. Stanberg; holo: NSW; iso: CANB n.v., 
DNA n.v. 

Cycas canalis subsp. carinata K.D. Hill, Telopea 
5: 700 (1994). Type: 90 km from Stuart Highway on 
Dorisvale Road, N.T., 11 September 1991, K.D. Hill 
4063 and L. Stanberg; holo: NSW. 

Other specimens examined, (selection only, 18 
collections seen). Australia. Northern Territory: Labelle 
Downs Homestead, on track to Channel Point, 15 
November 2002, Dixon, D.J. 1058 and Otley, H. (BR1, 
DNA, K); Douglas Hot Springs, 5 October 2001, Dixon, 

D. J. 917 and Hope, AM. (DNA); 64 km NE Daly River 
Police Station, 22 May 1983, Fryxell, P.A. 4252 and 
Craven, L.A. (CANB, DNA); 50.1 km from Labelle 
Downs Homestead on track to Channel Point, 8 September 
1991, Hill, K.D. 4038 and Stanberg, L. (NSW); Road to 
Douglas Hot Springs, 9 September 1993, Hill, K.D. 4505 
and Perner, ./. (NSW); Flora River Conservation Reserve, 
just outside boundary fence, 10 October 1996, Mangion, 
C.P. 362 and Booth, R. (DNA); 0.5 km W of Daly River 
crossing, Dorisvale Road, 13 October 1993, Perner, J. 
s.n. (NSW); 2 km NE of Dorisvale, 30 November 1978, 
Rankin, M.O. 1664 (DNA). 


Description. Stems to 5 m tall. Leaves 65-93 cm 
long, with 86-146 pinnae, flat to slightly keeled in cross 
section, rachis terminated by a spine, rarely a pair of 
leaflets. Petiole 19-27 cm long unarmed or 45-82% 
spinescent, base orange-grey tomentose, grey 
tomentose along petiole, glabrescent, glaucous. Basal 
pinnae not gradually reducing to spines although the 
basal 2-4 pinnae may be shorter than the preceding 
pinnae, basal pinnae spaced at 9.7-19.7 mm along 
rachis. Median pinnae 88-243 mm long, 5-7.4 mm 
wide, glabrous with a few scattered hairs at base, pinnae 
midrib to rachis angle 44°-69°. flat to very slightly 
keeled in cross section, margins flat, bases narrowed 
to 2-3.4 mm, decurrent for 2-5 mm, apex pungent, 
midrib equally prominent above and below, or slightly 
sunken on adaxial surface, pinnae spaced at 2.9-8 mm 
along rachis. Cataphylls hard, pungent to 80 mm long, 
densely orange woolly. Pollen cones ovoid, 11.8-22.5 
cm long. 6.4-10.5 cm in diameter, lamina 26-35 mm 
long, 8-20 mm wide, apical spine 9-13 mm long, 
sharply upturned. Megasporophylls 16-22.2 cm long 
with 2-4 ovules, lamina 15-42mm long, 12-28 mm 
wide, apical spine 10-21 mm long, margin entire or 
dentate with 6-21 teeth to 3 mm long, base orange 
fading to grey tomentose, stipe glabrescent, lamina 
orange fading to grey tomentose. Seeds 33-42 mm long, 
28-34 mm in diameter, slightly pruinose/glaucous. 

Distribution. Cycas canalis is an endemic N.T. 
species found in the Flora River area south-west of 
Katherine, Douglas-Daly region and Channel Point on 
Labelle Downs (Fig. 13). 

Notes. Cycas canalis may be confused with 
C. armstrongii. The two species can be distinguished 
easily as C. armstrongii has green glossy mature leaves 



Fig. 13. Distribution of Cycas canalis in the Northern Territory. 
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Fig. 14. A-I. Cycas canalis. A, megasporophyll (Dixon 1062 ); II, megasporophyll variation (Dixon 1058 ); C. mid portion and D, base of 
leaf; E, C.S. of pinna (Dixon 1059 ): F, C.S. of leaf (CBDBG living collection 0I-B000393); G, cataphylls ( GBDBG living collection 01- 
B000393 and Dixon 1061); H. pollen-cone and I. microsporophylls (Dixon 1061). J-Q. Cycas maconochiei subsp. maconochiei. 
J, megasporophyll and K. C.S. of pinna (Dixon 918); L, megasporophyll variation ( Hope 14 and Dixon 1075); M, mid portion and 
N. C.S. of leaf ( Dixon 1075); O, cataphylls (Dixon 920 and 1075); 1’. pollen-cone and Q. microsporophyll (Hope 16). Scale bars: 
A-D, F-J, L-Q = 1 cm: E, K = 1 mm. 
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compared to the bluish-glaucous leaves of C. canalis. 
Seed of C. canalis is also slightly glaucous/pruinose. 
The cataphylls of C. canalis are densely covered with 
orange woolly hairs compared to the tomentose almost 
glabrous orange-brown cataphylls of C. armstrongii. 

Hill (1994) recognised two subspecies of C. canalis 
based on differences in the size of the leaf, differences 
in the pinnae to rachis angle and whether or not the 
leaves were flat or keeled. Cycas canalis subsp. canalis 
according to Hill (1994) could be distinguished by the 
smaller non-keeled leaves, with smaller pinnae and the 
high pinna-to-rachis angle. Data obtained from material 
on loan from NSW and recent collections from the 
populations of C. canalis (Table 2) revealed that these 
distinguishing characters do not allow for adequate 
determination at the subspecific level. When the 
distribution data is plotted (Fig. 13), the Channel Point 
population is separated from the Douglas-Daly 
population by the Daly River and Reynolds River 
floodplain (Floodplain #4 in Cowie et al., 2000) which 
explains the disjunct populations of the species. 


Table 2. Comparison of key determining characters used in Hill 
(1994) to distinguish the subspecies of Cycas canalis. 


Subspecies 
determined 
on sheet 

Collector 

Leaf length 

Median 

pinnae 

length 

Pinnae 
angle to 
rachis 

carinata 

Mangion 362 

92.2 cm 

18.9 cm 

55° 

carinata 

Perner s.n. 

88.1 cm 

13.7 cm 

53° 

carinata 

Hill 4505 

90.7 cm 

8.8 cm 

65° 

carinata 

Hill 4063 

89.1 cm 

20.3 cm 

52° 

carinata 

Rankin 1664 

- 

24.3 cm 

49° 

carinata 

Holmes s.n. 

- 

10.2 cm 

69° 

canalis 

Dixon 1058 

69.6 cm 

11 cm 

61° 

canalis 

Dixon 1059 

92.4 cm 

18.2 cm 

48° 

canalis 

Hill 4038 

65.5 cm 

14.5 cm 

47° 

canalis 

Dixon 1061 

65 cm 

18.1 cm 

60° 


Cycas conferta Chirgwin 
(Figs 9I-P, 15) 

Cycas conferta Chirgwin, in S.K. Chirgwin and D. 
Wigston, J. Adelaide Bot. Card. 15: 147 (1993). 

Type: Harriet Creek, E of Pine Creek, 21 April 
1987, G. Brown s.n.\ holo: DNA. 

Other Specimens examined, (selection only, 25 
collections seen). Australia, Northern Territory: Kakadu 
National Park, 2.6 km S of South Alligator River crossing 
on Kakadu Highway, 2 September 1991, Brennan, K.G. 
1377 (DNA); N of Foelsche Headland off Claravale road, 
11 November 1989, Clark, M.J. 1925 and Walker, C. 
(DNA); Burrell Creek, off scenic Adelaide River route, 
24 km SW of Adelaide River, 25 October 2002, Dixon, 
D.J. 1056 and Hope, AM. (BRI, DNA, K); Harriet Creek 
rest area off Kakadu Highway, 24.3 km from Stuart 
Highway, 5 October 2001, Dixon, D.J. 914 and Hope, 
AM. (BRI, DNA); 19 km E of Pine Creek on Jabiru 
road, 29 August 1991, Hill, K.D. 3968 and Stanberg, L. 
(CANB, DNA, NSW); 104.2 km from Arnhem Highway 


on Kakadu Highway (2.5 km SW of South Alligator 
crossing), 2 September 1991, Hill, K.D. 4014 and 
Stanberg, L. (CANB, DNA, NSW); 4.6 km from Kakadu 
Highway on old Goodparla track, 3 September 1991, 
Hill, K.D. 4022 and Stanberg, L. (CANB, DNA, NSW); 
Kakadu National Park, 14 km E of Gimbat Homestead, 
14 December 1994, Russell-Smith, J. 8996 (DNA); 
Kakadu National Park, Andinggu, 5 February 1995, 
Russell-Smith, J. 9433 (DNA); Kakadu National Park. 

4.6 km W on Goodparla road from junction with Kakadu 
Highway, 29 April 1990, Slee, A.V. 3035 and Craven, L. 
(CANB, DNA). 

Description. Stems to 6 m tall. Leaves 71-91 cm 
long, with 124-192 pinnae, flat in cross section, rachis 
terminated by a spine. Petiole 24-34 cm long unarmed 
or 0.1-62% spinescent, base orange tomentose 
extending a short way up the petiole, glabrescent. Basal 
pinnae not gradually reducing to spines although the 
basal 1-4 pinnae may be shorter than the preceding 
pinnae, basal pinnae overlapping or spaced at 0.4- 

6.6 mm along rachis. Median pinnae 49-100 mm long, 
4.6-6.6 mm wide, abaxial surface scattered orange 
pubescent, glabrescent, bluish, pinnae midrib to rachis 
angle 68°-80°, flat to slightly keeled in cross section, 
margins flat, bases narrowed to 3.6-5.4 mm, slightly 
decurrent for 0.5-2 mm, apex pungent, midrib slightly 
depressed to equally prominent above and below, 
pinnae overlapping or spaced at 0.8-2.4 mm along 
rachis. Cataphylls hard, pungent, tp 9.3 cm long, 
densely orange tomentose. Microsporangiate cones 
ovoid, 11-27 cm long, 7-10 cm in diameter, lamina 
15_34 rnm long, 10-13 mm wide, apical spine 6-16 mm 
long, curved or sharply upturned. Megasporophylls 
18-28 cm long with 1 -4 ovules, lamina 35-42 mm long, 
15-26 mm wide, apical spine 10-48 mm long, margin 



Fig. 15. Distribution of Cycas conferta in the Northern Territory. 
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dentate with 17-25 teeth to 4 mm long, orange-grey 
tomentose, glabrescent. Seeds 35-42 mm long, 27-31 
mm in diameter, pruinose. 

Distribution. Known previously from sporadic 
populations around the south Alligator River, Mary 
River, Foelsche Headland and Pine Creek areas, the 
range has been extended to include a more easterly 
population in Kakadu National Park near the Gimbat 
Homestead and a more northerly population at Burrell 
Creek, just south of the Adelaide River township 
(Fig. 15). 

Notes. Cycas conferta is an attractive endemic 
Northern Territory, species easily recognised by the 
crowded bluish green pinnae of the leaves. It occurs in 
a variety of habitats from open eucalypt woodland on 
low relief to granite and dolerite outcrops. 

Cycas maconochiei Chirgwin and K.D. Hill 

Cycas maconochiei Chirgwin and K.D. Hill, Telopea 
7: 48 (1996). 

Type: at Bynoe Harbour turnoff, Mandorah road, 
N.T., 4 September 1993, K.D. Hill 4461 and H.M. 
Anderson ; holo: NSW n.v.; iso: DNA n.v., NY n.v., 
PE n.v. 

Stems to 3.5 m tall. Leaves 62-128 cm long, with 
152-288 pinnae, flat in cross section, rachis terminated 
by a spine or pinnae. Petiole 16-30 cm long unarmed 
or 2-79% spinescent, base light orange-brown velvety, 
orange-grey tomentum extending along the petiole, 
glabrescent. Basal pinnae not gradually reducing to 
spines although the basal 2-4 pinnae may be shorter 
than the preceding pinnae, basal pinnae spaced at 4.4- 
11 mm along rachis. Median pinnae 51-157 mm long, 
3.4-6 mm wide, abaxial surface orange-brown 
pubescent or with scattered grey hairs, glabrescent. 
pinnae midrib to rachis angle 61°-85°, keeled in cross 
section, margins slightly to distinctly recurved, bases 
narrowed to 2.5-3.8 mm, slightly decurrent for 0.5- 
2.5 mm, apex pungent, midrib depressed or flush above 
and raised and prominent below, pinnae occasionally 
overlapping or spaced at 1.5-3.9 mm along rachis. 
Cataphylls soft, not pungent, to 13 cm long, densely 
orange-brown woolly. Pollen cones ovoid, 15-27 cm 
long, 9-11 cm in diameter, lamina 38-41 mm long, 14- 
15 mm wide, apical spine to 11 mm long, sharply 
upturned. Megasporophylls 16-37 cm long with 2-5 
ovules, lamina 40-70 mm long, 14-30 mm wide, apical 
spine 12-30 mm long, margin dentate with 22-41 teeth 
to 8 mm long, base orange-grey velvety, stem brown- 
grey tomentose glabrescent, blade orange-brown-grey 
tomentose. Seeds 27-40 mm long, 26-35 mm in 
diameter, pruinose. 

Notes. Cycas maconochiei is a variable species with 
respect to some of the characters used by Hill (1996) 
to distinguish between the three subspecies. Hill (1996) 
used characters associated with pinnae width, pinnae 


margin, leaf colour, degree of indumentum retained on 
a mature leaf and cataphylls, and indumentum colour 
to distinguish between the three subspecies. The pinnae 
width of subspecies maconochiei and lanatus were 
found to overlap (3.4-6 mm for maconochiei and 4.4- 
5.9 mm for lanatus). Colour of the indumentum is also 
variable with the colour fading on exposed parts of the 
leaf as it ages. The subspecies C. maconochiei subsp. 
viridis can be distinguished by the bright green leaves 
and its almost glabrous pinnae; however, these can 
retain some scattered grey hairs at maturity. 

The two subspecies of Cycas maconochiei can be 
identified as follows: 

la. Mature leaves and pinnae dull green, retaining 

orange-brown indumentum. 

.subsp. maconochiei 

lb. Mature leaves and pinnae glossy green, glabrous 

or with scatted grey indumentum. 

...subsp. viridis 

Cycas maconochiei Chirgwin and K.D. Hill 
subsp. maconochiei 
(Figs 14J-Q, 16) 

Cycas maconochiei subsp. lanata K.D. Hill. Telopea 
7: 49 (1996). Type: 25 km E of Port Keats, N.T., 11 
October 1980, J.R.Maconochie 2498\ holo: DNA; iso: 
CANB n.v.. K n.v. 

Other specimens examined, (selection only, 56 
collections examined). Australia, Northern Territory: 
Finniss River Station, 12 August 1997, Cowie, I.D. 7640 
and Mangion, C.P. (DNA); 1.5 km SW of Mandorah 
Pub, 19 September 2002, Dixon, D.J. 1054 and Hope, 
A.M. (BRI. DNA. K); 25.2 km along Dundee Beach 
Road, off Cox Peninsula Road, 12 October 2001, Dixon, 
D.J. 918 and Hope, A.M. (BRI, CANB, DNA); Port 
Keats, opposite Dorcherty Isle, 9 August 1983, Dunlop, 
C.R. 6457 and Wightman, G.M. (DNA); Fitzmaurice 
River. 10 June 1997, Fogarty, M.L. s.n. andBeilby, A.M. 
(DNA); Near mouth of Daly River; 10 km SSE of Cliff 
Head, 22 June 1985, Fryxell, P.A. 4883 (CANB, DNA); 
Indian Island, 29 September 1997, Harwood, R.K. 249 
(DNA); Plain to N of Wingate Mountains, 10 September 
1991, Hill, K.D. 4054 and Stanberg, L. (DNA. NSW); 
Daly River, Port Keats Road, 10 September 1991, Hill, 
K.D. 4057 and Stanberg, L. (NSW); Daly Region, road 
to Woodycupaldea, 5 September 1993, Hill, K.D. 4464 
and Perner, J. (DNA, NSW, NY); road to beach N of 
Nardirri, 6 September 1993, Hill, K.D. 4466 and Perner, 
J. (BRI. CANB, DNA, NSW); 4.4 km from Dundee 
Beach along Cox Peninsula Road. 12 October 2001, 
Hope, A.M. 15 and Dixon, D.J. (DNA, NSW), 12 km N 
Dundee Lodge turnoff along Cox Peninsula Road 
towards Mandorah, 12 October 2001, Hope, A.M. 22 and 
Clifton, P.J. (DNA, NSW): Moyle River, 75 km E of 
Port Keats, 10 May 1994, Lalz, P.K. 13795 and Dunlop, 
C.R. (DNA, NSW); 39 km E Port Keats Mission, 9 
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October 1980. Maconochie, J.R. 2495 (PERTH ); 5 miles 
SMandorah, 12 July \912,Must, J. 1076 (CANB. DNA, 
K, L, MEL. PERTH); Delissaville, 15 September 1972, 
Musi, J. s.n. (CANB. DNA, K, MO); S of Palumpa, I 
October 1988, Orr, T.M. 230 (DNA); Cox Peninsula, 
lmaluck Jungle, 13 May 1986, Wightman, G.M. 2907 
and Bruhl, J.J. (DNA); Melville Island, Fort Dundas, 
29 May 1986, Wiglitman, G.M. 2949 (DNA). 

Description. Leaves 62-111 cm long, with 152-288 
pinnae, rachis terminated by a spine or pinnae. Petiole 
16-28 cm long unarmed or 4-79% spinescent, base light 
orange-brown velvety, orange-grey tomentum extending 
along the petiole, glabrescent. Median pinnae with abaxial 
surface orange-brown pubescent, glabrescent, margins 
slightly to distinctly recurved, pinnae occasionally 
overlapping or spaced at 1.5-3.4 mm along rachis. 

Distribution. Cycas maconochiei subsp. 
maconochiei is an endemic N.T., subspecies found 
along the coast of the NW Top End and the Tiwi Islands 
(Fig. 16). 

Cycas maconochiei subsp. viridis K.D. Hill 
(Fig. 16) 

Cycas maconochiei subsp. viridis K.D. Hill, Telopea 
7:51(1996). 

Type: Fossil Head. N.T., 7 September 1993, K.D. 
Hill 4489 and J. Perner ; holo: NSW. 

Other specimens examined, (selection only, 11 
collections examined). Australia, Northern Territory: 
Fossil Head. May 1993, Perner ,./. s.n. D159627 (DNA, 
NSW); Fossil Head, May 1993, Perner ,./. s.n. D159629 
(CANB, DNA, NSW); Fossil Head, May 1993, Perner, 
J. s.n. D159630 (BR1, CANB, DNA, NSW); Fossil 



Fig. 16. Distribution of Cycas maconochiei in the Northern 
Territory. Cycas maconochiei subsp. maconochiei (closed circles), 
Cycas maconochiei subsp. viridis (open circle). 


Head, May 1993, Perner, .1. s.n. (CANB, NSW); Fossil 
Head, May 1993, Perner, J. s.n. (NSW) 

Description. Leaves 82-128 cm long, with 208-242 
pinnae, rachis terminated by a spine. Petiole 16-29 cm 
long, 4-21% spinescent, base light orange-brown-grey 
velvety remainder glabrous or with scattered grey hairs, 
glabrescent. Median pinnae with abaxial surface with 
scattered grey hairs, glabrescent, margins slightly 
recurved, pinnae spaced at 2.0—3.9 mm along rachis. 
Not illustrated. 

Distribution. Cycas maconochiei subsp. viridis is 
only known from Fossil Head (Fig. 16). The type cited 
in the Flora of Australia vol 48 (Hill 1998b) is different 
to that cited in the protolog of the original description 
(Hill, 1996). 

Cycas orientis K.D. Hill 
(Figs 11H-N, 17) 

Cycas orientis K.D. Hill, Telopea 5: 696 (1994). 

Type: 48.9 km E of Badalngarrmirri Creek. Arnhem 
Land, N.T., 26 August 1991, K.D. Hill 3936 and L. 
Stanberg-, holo: NSW n.v .; iso: CANB n.v., DNA. 

Other specimens examined, (selection only, 29 
collections examined). Australia, Northern Territory: 
76.3 km SW of Nhulunbuy on Central Arnhem Highway, 
30 November 2002, Dixon, D..1. 1070 and Rochford, D. 
(DNA); 19.3 km E of Gan Gan turnoff, 26 September 
1991, Hill, K.D. 3943 and Stanberg, L. (CANB, DNA, 
NSW); 31 km E of Lake Evella turnoff on Gove Road. 
12 September 1993, Hill, K.D. 4510 and Perner, J. 
(DNA, L, MO, NSW); 2 km S Lake Evella township, 5 
December 1994, Larcombe, D.R. 129 and Panton, W.J. 
(DNA); Arnhem Land, E foothills of Mitchell Ranges, 
8 December 1994, Larcombe, D.R. 134 and Panton, W.J. 
(DNA); near Wonga Creek, 66 km SSW of Nhulunbuy, 
25 July 1996, Liddle, D.T. 1655 (BRI, DNA, NSW); 40 
km NE of BHP airstrip, Arnhem Land, 17 June 1972, 
Maconochie, J.R. 1507 (DNA); Caledon Bay, 22 June 
1972, Maconochie, J.R. 1556 (BRI, CANB, DNA, K); 
Buckingham River, 8 miles from mouth, near Gove, 21 
February 1973, McKean, J.L. 977 (DNA). 

Description. Stems to 4 m tall. Leaves 52-124 cm 
long, with 96-210 pinnae, flat or very slightly keeled 
in cross-section, rachis terminated by a spine. Petiole 
19-52 cm long, unarmed or 6-86% spinescent, base 
orange-brown tomentose and extending up petiole, 
glabrescent. Basal pinnae not reducing to spines 
although the basal 2-4 pinnae may be shorter than the 
preceding pinnae, basal pinnae spaced at 3.5-9.8 mm 
along rachis. Median pinnae 78-162 mm long. 3.3-6.3 
mm wide, abaxial surface glabrous or very occasionally 
with scattered grey-brown hairs, pinnae midrib to rachis 
angle 53°-79°, flat to keeled in cross-section, margins 
flat to slightly recurved, bases narrowed to 1.8-4 mm 
wide, decurrent for 1-4 mm, apex pungent, midrib 
depressed above, raised and prominent below, pinnae 
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spaced at 1-4.3 mm along rachis. Cataphylls hard, 
pungent to 8 cm long, densely orange tomentose. Pollen 
cones ovoid, 13-20 cm long, 6-8 cm in diameter, 
lamina 20-21 mm long, 9-14 mm wide, apical spine 
9.5-16 mm long, sharply upturned. Megasporophylls 
21-24 cm long with 2-6 ovules, lamina 4-61 mm long, 
10-25 mm wide, apical spine 14-41 mm long, margin 
dentate with 5-31 teeth to 1-2.4 mm long, orange 
tomentose. Seeds 30-37 mm long, 26-33 mm in 
diameter, slightly pruinose. 

Distribution. Cyccis orientis is endemic to the N.T., 
occurring east of the Mitchell Ranges in north-eastern 
Arnhem Land (Fig. 17). Occasional plants have been 
found growing within the range of C. arnhemica. 

Notes. Cycas orientis can be distinguished from C. 
arnhemica by the flat to very slightly recurved pinnae 
margins. 

Cycas pruinosa Maconochie 
(Figs 18, 19A-I) 

Cycas pruinosa Maconochie, J. Adelaide Bot. Gard. 
1: 177 (1978). 

Type: Ternonis Gorge, Durack Ranges, W.A., June 
1975, D. Symon; holo: DNA, iso: BRI n.v., CANB n.v., 
K n.v., L photo seen, NSW n.v., PERTH n.v. 

Other specimens examined, (selection only, 30 
collections examined). Australia, Northern Territory: 
Spirit Hills Conservation Area, c. 17 km W of Bullo River 
Homestead, 18 August 1996, Cowie, l.D. 7125 (DNA, 
NSW); Spirit Hills Conservation Area, 22 October 2001, 
Dixon, D.J. 923 and Kerrigan, R.A. (DNA); Spirit Hills 
Conservation Area, 22 October 2001, Dixon, D.J. 924 
and Kerrigan, R.A. (CANB, DNA); Kirkimbie Station, 7 
August 1996, Lang, M. 6619 (DNA); Spirit Hills (Cycad 



Fig. 17. Distribution of Cycas orientis in the Northern Territory. 


site 8, transect 3, plant 245), 10 October 1996, Liddle, 
D.T. 1710 (BRI, DNA); Spirit Hills Escarpment, 18 
August 1996, Michell, C.R. 269 and Cowie, l.D. (DNA). 

Description. Stems to 2 m tall. Leaves 72-110 cm 
long, with 158-420 pinnae, distal 2/3 strongly keeled in 
cross section, rachis terminated pinnae. Petiole 9-22 cm 
long, 7-58% spinescent, base orange woolly, orange 
tomentum extending up the petiole, glabrescent. Basal 
pinnae gradually reducing to spines, spaced at 3.4-9.8 
mm along rachis. Median pinnae 124-168 mm long, 2.5- 
4 mm wide, abaxial surface orange-brown pubescent, 
glabrescent, pinnae midrib to rachis angle 51°-69°, flat 
to slightly keeled in cross section, margins revolute, 
bases narrowed to 1.9-3 mm, slightly decurrent for 0.5- 
2.5 mm, apex pungent, midrib slightly flush, or 
occasionally slightly raised above, raised and prominent 
below, pinnae spaced at 1.3-2.7 mm along rachis. 
Cataphylls soft, not pungent, velvety orange. 
Microsporangiate cones fusiform, 20-48 cm long, 5- 
13 cm in diameter, lamina 21-55 mm long, 10-17 mm 
wide, apical spine 6.3-10 mm long, sharply upturned. 
Megasporophylls 17-34 cm long with 1-7 ovules, lamina 
64-122 mm long, 15-35 mm wide, apical spine 13-42 
mm long, margin dentate with 22-53 teeth to 9 mm long, 
orange velvety. Seeds 30-35 mm long, 27-32 mm in 
diameter, pruinose. 

Distribution. In the N.T., C. pruinosa occurs in the 
Spirit Hills area and on Kirkimbie Station of the 
Victoria River District (Fig. 18), and also W.A. 

Notes. Cycas pruinosa is a very distinct species. 
The strongly pruinose seeds, size of the 
microsporangiale cone, and elongated sterile lamina of 
the megasporophylls allow for easy identification of 
this species. 



Fig. 18. Distribution of Cycas pruinosa in the Northern Territory. 
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Fig. 19. A-I, Cycaspruinosa. A. megasporophyll (Liddle 1714); B, mid portion of leaf; C, cataphylls; D, pollen-cone; E, microsporophyll 
(Dixon 923); F, habit; G, C.S. of leaf base and H, distal part of leaf (GBDBG Living Collection 01-B000434); I, C.S. of pinna (Dixon 
923). Scale bars:A-E = 1 cm; F = 10 cm; I = 1mm. 
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Zamiaceae 

A family of approximately 150 species representing 
seven genera. Found in Africa, North and South 
America, and Australia. Two genera, 40 species in 
Australia, with one species present in the Northern 
Territory. Taxonomic reference: Hill (1998b). 

Macrozamia Miq. 

Stem subterranean or erect. Leaves few to many, 
pinnate. Pinnae simple or divided, with parallel 
venation and no distinct midvein. Pinnae point of 
insertion to rachis often with a coloured gland. Male 
and female cones stalked; sporophylls with a terminal 
spine. 

Macrozamia macdonnellii (F.Muell. ex Miq.) A. 

DC. 

(Figs 20, 21A-E) 

Macrozamia macdonnellii (F.Muell. ex Miq.) 
A.DC., Prodr. 16(2): 537 (1868); Encephalartos 
macdonnellii F.Muell. ex Miq., Verslagen Meded. Afd. 
Natuurk. Kon. Akad. Wetensch. 15: 376 (1863). 

Type: Neales River, Macdonnell Range, N.T., J.M. 
Stuart ; syn: MEL. 

Specimens examined, (selection only, 20 
collections examined). Australia, Northern Territory: 
c.0.5 km NW Hamilton Downs Youth Camp, 16 
October 2001, Albrecht, D.E. 10169 ( NT); 9 km NNW 
Mt Lloyd. 16 October 2001, Albrecht, D.E. 10171 
(NT); Kings Canyon, below waterfall, 21 November 
2000, Barnetson, J.S. 40 (NT); Finke Gorge, I May 
1996, Dowe, J.L. 350 (DNA); Standley Chasm, 200 
m N track start, 1 May 1995, Hay, P. s.n. (NT); 30 km 



Fig. 20. Distribution of Macrozamia macdonnellii in the Northern 
Territory 


E Glen Helen Lodge, Chewings Range, 27 June 1991, 
Latz, P.K. 12000 (DNA, NSW, NT); Mt Sonder, S 
face, 30 June 1991. Latz, P.K. 12023 (DNA); 9 km 
NW of Ormiston Gorge, 1 June 1993, Latz, P.K. 13209 
(DNA); 5 km S of Harts Range Police Station, 27 
October 1993, Latz, P.K. 13446 (DNA); Mt Hay, 20 
km W of Hamilton Downs Homestead, 16 August 
1995, Latz. P.K. 14477 ( DNA); Palm Valley, 21 March 
1953, Perry, R.A. 3496 (CANB); Ruby Gorge Ranges, 
SE Ruby Gorge, 15 October 1989, Soos, A. 131 
(DNA). 

Description. Stems to 3 m. Leaves 150-220 cm 
long, moderately keeled with 120-170 pinnae, dull 
blue in colour. Petiole 12-48 cm long. Basal pinnae 
reducing to spines. Median pinnae 18-30 cm long, 
7-11 mm wide, margins flat, apex spinescent. Pollen 
cones fusiform to 50 cm long, to 11 cm in diameter; 
peduncle to 11 cm. Microsporophyll lamina 30-40 mm 
long, 15-31 mm wide, apical spine to 25 mm long. 
Seed cone ovoid 40-50 cm long, 20-27 cm in 
diameter; megasporophyll with an expanded, peltate 
apex 8-12.5 cm wide, 4-6 cm long; apical spine to 
20 mm. Seeds ovoid, 50-80 mm long, 33-53 mm wide; 
sarcotesta orange to orange-brown. 

Distribution. Endemic to the N.T. where it is 
restricted to the MacDonnell and adjacent ranges 
(Fig. 20). 

Notes. Grows in rocky gorges of quartzite and 
granite. Trunks of larger individuals are sometimes 
reclining. Due to many specimens from DNA and NT 
being incomplete, the above description is modified 
from Hill (1998b). 

Hill (1998b) in the type citation for M. 
macdonnellii, indicated that a syntype may be at MEL. 
In a personal communication from Kathy 
Sommerville, the collections manager at MEL, a 
Stuart specimen with location details matching the 
type citation was located at MEL. A colour photocopy 
is at DNA. No material matching the collection details 
for the Stuart specimen was located at L or U (Gerard 
Thijsse, pers. comm.). 
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Fig. 21. A-E, Macrozamia macdonnellii. A, mid-portion of leaf (Soos A255 ); B-C, microsporophyll side and adaxial view (Latz 1131); 
B, from tip of male cone; C, from middle of male cone; D, female cone and E, megasporophyll with seed (Forcle, s.n. DNA photograph 
collection). Scale bars: A-C = 1 cm; D = 4 cm; E = 2 cm. 
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Four new species of Terebridae (Mollusca: Gastropoda) from 
the Philippine Islands 

JASON E. SPRAGUE 
PO Box 112, Mentone VIC 3194, AUSTRALIA 
ABSTRACT 

Four new species of the molluscan family Terebridae obtained through recent trawling and tangle-netting operations 
on the continental shelf (60-240 m) in the central and southern Philippine Islands are described and compared with 
related species. These new species are Terebra bilineata, Terebra hiscocki, Terebra moncuri and Duplicaria 
deynzerorum. 

Keywords: Mollusca, Gastropoda, Terebridae, Terebra, Duplicaria, new species, Philippine Islands. 


INTRODUCTION 

The Terebridae is a large family of marine molluscs 
consisting of approximately 300 species which inhabits 
primarily tropical seas. In the only major monograph 
of the family in the twentieth century. Living Terebras 
of the World, the authors, Bratcher and Cernohorsky 
(1987) recognised 276 Recent species. Several new 
species have been described since the publication of 
this landmark work. 

Terebrids are members of the highly evolved group 
Conoidea (formerly Toxoglossa), characterised by 
having the proboscis formed by an anterior elongation 
of the buccal tube with the buccal mass at its base, a 
permanent proboscis sheath, a venom apparatus, and 
elaboration of the marginal teeth of the radula into large 
hollow darts specialised for venom injection (the central 
and lateral teeth having been lost) (Kohn 1998). In this 
respect, many species of the Terebridae are similar to 
those of the family Conidae, in that poison is used to 
capture prey. However, not all terebrid species possess 
this attribute. All terebrids arc carnivorous, nocturnal, 
and have a chitinous operculum. 

The structural morphology of all species is similar, 
in that each possesses an elongate, tapered shell, coiled 
dextrally about the central axis. Most exhibit a subsutural 
‘band’ situated immediately anterior to the suture, which 
is usually delineated by a weak to pronounced groove 
or an impressed trench. The subsutural band may be 
nodulose, ribbed, smooth, indicated by colour alone, or 
completely absent in certain species. Axial and/or spiral 
sculpture of varying degrees is present in most species. 
Axial sculpture may range from well developed ribbing 
to indistinct striations reflecting stages of growth, whilst 
spiral sculpture may be manifest in the form of strong 


raised cords, weak striations, or rows of punctations. In 
certain species, axial and spiral sculpture form weak to 
well-developed nodes at points of intersection, often 
resulting in a cancellate appearance. The aperture is 
elongate and often somewhat quadrate in appearance. 
All terebrids possess multi-whorled protoconchs, varying 
from mammillate to conical in shape. Shells vary from 
dull to glossy, with colours ranging from drab 
monochromatics through to elaborate patterns of vivid 
colours. 

Whilst the majority of species inhabit waters from 
the intertidal zone down to depths of approximately 
50 m, several species inhabit far deeper waters. Recent 
deep water trawling and tangle-netting operations 
within the Philippine archipelago have yielded a vast 
array of unusual molluscs, including numerous species 
of Terebridae. Although the majority of terebrid 
material obtained represents well established species, 
several species new to science have been discovered. 
The description of four such species constitutes the 
subject of this paper. 

The four new species here discussed are represented 
by three members of the genus Terebra and one member 
of the genus Duplicaria. All four new species are 
presently known only from the Philippine Islands and 
all are most probably endemic to this region. Three 
{Terebra bilineata sp. nov., T. hiscocki sp. nov. and 
T. moncuri sp. nov.) are known to occur at various 
localities throughout the Philippine archipelago, whilst 
the remaining species ( Duplicaria deynzerorum sp. 
nov.) is at present known only from its type locality. 
However, given the distribution pattern of the majority 
of endemic Philippine molluscan species, it is highly 
probable that all four species do occur throughout the 
central and southern Philippine Islands. 
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Anatomical details and descriptions of the opercula 
of these new species could not be recorded as the 
specimens provided to the author were dried or cleaned, 
and the animal was either removed or completely 
retracted. 

MATERIAL AND METHODS 

All specimens examined were collected either by 
tangle nets (set in approximately 60-200 m depth off 
the coast of Panglao. Bohol and Talikud. Mindanao) or 
by trawling at a depth of approximately 240 m off the 
coast of Aliguay. Mindanao. The holotype, along with 
the paratypes, of all species, are deposited within the 
dry mollusc collection of the Museum and Art Gallery 
of the Northern Territory (NTM), Darwin, Australia. 

SYSTEMATICS 

Family Terebridae Morch, 1852 
Genus Terebra Bruguiere, 1789 
Terebra bilineata sp. nov. 

(Fig. 1A-C) 

Type material: HOLOTYPE - NTM P20180, off 
Panglao, Bohol, Philippine Islands, tangle nets, mud/ 
sand substrate, 60-200 m. PARATYPES - 1 and 2, 
NTM P28240, off Panglao, Bohol, Philippine Islands; 
tangle nets, mud/sand substrate, 60-200 m; 
PARATYPE 3 - NTM P28241, off Talikud, Mindanao, 
Philippine Islands; tangle nets, mud/sand substrate, 60- 
200 m. 

Description. Colour white to cream; subsutural 
band with sporadic squarish maculations of reddish 
brown; a narrow band of small squarish maculations 
of similar colour is present on the periphery of the body 
whorl, with a similar band of maculations present 
immediately below the periphery of the body whorl; 
on certain individuals (paratype 3) a further wide band 
of fawn to brown is present immediately below the 
subsutural band; aperture white to translucent; 
protoconch brownish. Subsutural band of numerous, 
narrow, well developed, straight axial ribs, crossed by 
three to four narrow spiral grooves; band delineated 
by a weak groove. Axial sculpture of numerous, narrow, 
well developed, straight ribs. Spiral sculpture of 
numerous, fine grooves confined to interstices of axial 
ribs. Outline of whorls slightly convex. Aperture 
elongate quadrate. Columella curved. Protoconch of 
3 or 4 glassy, bulbous whorls. 

Size. Holotype length 27.5 mm. Paratype 1 length 
30.2 mm. Paratype 2 length 29.5 mm. Paratype 3 length 
27.4 mm. 

Type locality. Off Bohol and Mindanao, Philippine 
Islands. 

Distribution. At present known only from the 
Philippine Islands. 


Remarks. The two narrow bands of brownish 
maculations on and below the periphery of the body 
whorl are indistinct in some individuals. 

Comparisons. Terebra bilineata may be compared 
to T. conspersa Hinds and T. burchi Bratcher and 
Cernohorsky, from which it is immediately separable 
by the presence of the two narrow bands of maculations 
on the body whorl. Terebra bilineata is also separable 
by its lack of brownish colour below the periphery of 
the body whorl which is present upon both T. conspersa 
and T. burchi. 

Etymology. The species is named after its 
distinguishing characteristic of two, narrow, 
inconspicuous, reddish brown bands occurring on and 
below the periphery of the body whorl. 

Terebra hiscocki sp. nov. 

(Fig. 1D-F) 

Terebra sp. - Springsteen and Leobrera 1986: 260. 
pi. 74, fig. 7. 

Type material. HOLOTYPE - NTM P20181, off 
Aliguay, Mindanao, Philippine Islands; trawled, mud/ 
sand substrate, 240 m. PARATYPES - 1 and 2, NTM 
P28242, off Aliguay, Mindanao, Philippine Islands; 
trawled, mud/sand substrate, 240 m. 

Description. Colour fawn to pale brown with 
sporadic axial maculations of dark brown; a pale band 
of cream is present upon the periphery of the body 
whorl; subsutural band with pale brown staining within 
interstices of axial ribs; aperture white to translucent; 
protoconch brown. Subsutural band of numerous, 
narrow, well developed, straight axial ribs; 3 or 4 
narrow spiral grooves are present, confined to the 
interstices of the axial ribs; band delineated by a weak 
groove. Axial sculpture of numerous, narrow, well 
developed, straight ribs. Spiral sculpture of numerous, 
fine grooves crossing the axial ribs. Outline of whorls 
straight. Aperture elongate quadrate. Columella well 
developed and recurved. Protoconch of 2 or 3 glassy, 
bulbous whorls. 

Size. Holotype length 34.7 mm. Paratype 1 length 
35.5 mm. Paratype 2 length 33.1 mm (decollated). 

Type locality. Off Aliguay, Mindanao, Philippine 
Islands. 

Distribution. At present known only from the 
Philippine Islands. 

Remarks: So far this species is known from 
Mindanao (present material) and Cebu (Springsteen and 
Leobrera 1986). 

Comparisons. Terebra hiscocki differs from its 
most closely related species T. russoi Aubry by its more 
slender teleoconch, and the dark staining which occurs 
sporadically throughout the shell being not restricted 
to any regular pattern and crossing the axial ribs 
indiscriminately. Terebra campbelli Burch, also of 
slender morphology, may be separated from T. hiscocki 
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by the overall decussated appearance of its sculpture, 
as well as its more strongly delineated subsutural band. 
Terebra hiscocki differs from all members of the 
complex of species — T. amoena Deshayes, T. pertusa 
(Born), T. alveolata Hinds, T. marmorata Deshayes, 
T. conspersa Hinds and T. burchi — by not having dark 


maculations confined to the subsutural band. The 
recently described Terebra poppei Terryn, from the 
southern Philippines and northern Papua New Guinea, 
is similar to T. hiscocki in size and in lacking a 
subsutural band; however, T. poppei has more rounded 
whorls, more stepped shoulders, narrower axial ribs, 



Fig. 1A-L. Type material of Terebridae described in this paper: A. B, Terebra bilineata sp. nov. holotype, NTM P20180, 27.5 mm; 

C, Terebra bilineata sp. nov. paratype, NTM P28240, 30.2 mm; D, E, Terebra hiscocki sp. nov. holotype, NIM P20181, 34.7 mm; 

F, Terebra hiscocki sp. nov. paratype, NTM P28242, 35.5 mm; G, H, Terebra moncuri sp. nov. holotype, NTM P20182, 24.5 mm; 

I, Terebra moncuri sp. nov. paratype, NTM P28243, 26.9 mm; J, K. Duplicaria deynzerorum sp. nov. holotype, NTM P20183, 54.5 mm; 
L, Duplicaria deynzerorum sp. nov. paratype, NTM P28244, 60.2 mm. 


27 




J. E. Sprague 


and is white to pale yellowish brown with a darker 
brown subsutural band and (occasionally) a weak 
broader band at the periphery of the body whorl. 
According to Terryn (2003), specimens of T. poppei 
originating from Papua New Guinea came from 80 m, 
whereas those from the Philippines came from 100— 
240 m, although he concluded these differences were 
probably artefacts of sampling and that in both areas 
the bathymetric range is continuous from 30-240 m or 
deeper. 

Etymology: The species is named in honour of Dr 
Martin Hiscock of Melbourne, Australia, an avid shell 
collector and close personal friend of the author. 

Terebra moncuri sp. nov. 

(Fig. 1G—I) 

Type material. HOLOTYPE - NTM P20182, off 
Aliguay, Mindanao, Philippine Islands, trawled, mud/ 
sand substrate, 240 m. PARATYPES - 1 and 2, NTM 
P28243, off Aliguay, Mindanao, Philippine Islands; 
trawled, mud/sand substrate, 240 m. 

Description. Colour cream to fawn, with sporadic 
axial maculations of slightly darker colour; subsutural 
band with squarish maculations of dark brown 
alternating with white to cream; a narrow band of pale 
cream is present upon the periphery of the body whorl; 
aperture translucent; protoconch reddish brown. 
Subsutural band of numerous, weak, axial ribs 
delineated by a deep groove. Axial sculpture of 
numerous, well developed, slightly arcuate ribs, crossed 
by spiral sculpture of 2 or 3 narrow grooves. Outline 
of whorls convex. Aperture elongate. Columella well 
developed and recurved. Protoconch of 2 or 3 glassy, 
bulbous whorls. 

Size. Holotype length 24.5 mm. Paratype 1 length 
26.9 mm. Paratype 2 length 18.8 mm. 

Type locality. Off Aliguay, Mindanao, Philippine 
Islands. 

Distribution. At present known only from the 
Philippine Islands. 

Remarks. The extremely fragile and translucent 
shell makes Terebra moncuri quite distinct from any 
other Philippine terebrid. So far this species is known 
only from the immediate vicinity of its type locality, 
the island of Mindanao. 

Comparisons. The species with which Terebra 
moncuri may most closely be compared belong to the 
complex which includes T. campbelli , Terebra 
melanacme E. A. Smith and T. gotoensis E. A. Smith. 
It may be separated from all these species principally 
by its extremely fine, fragile and translucent shell. 
Terebra moncuri also exhibits a slightly more convex 
outline to its whorls than other related species. The 
recently described T. dedonderi Terryn, from the 
southern Philippines and northern Papua New Guinea, 
is similar to T. moncuri in size and in possessing a 


subsutural band, however T. dedonderi has 
considerably more rounded whorls, a much weaker 
subsutural groove, fewer axial ribs (17-20), a white 
subsutural cord with a brown band immediately below 
that is continuous rather than a series of alternating 
brown and white maculations as in T. moncuri. 
According to Terryn (2003), T. dedonderi has a 
bathymetric range of 30-240 m. 

Etymology. The species is named in honour of 
Alistair Moncur of England, a well known shell dealer 
and close personal friend of the author. 

Genus Duplicaria Dali, 1908 
Duplicaria deynzerorum sp. nov. 

(Fig. 1J-L) 

Type material. HOLOTYPE - NTM P20183, off 
Panglao, Bohol, Philippine Islands; tangle nets, mud/ 
sand substrate, 60-200 m. PARATYPES -1,2 and 3, 
NTM P28244, off Panglao, Bohol, Philippine Islands; 
tangle nets, mud/sand substrate, 60-200 m. 

Description. Colour fawn, to caramel, to pale 
brown, with a wide band of roughly squarish 
maculations of darker brown alternating with white to 
cream; a similar band of colour is present upon the 
periphery of the body whorl; subsutural band with 
irregular maculations of brown and cream; in certain 
individuals (i.e., holotype and paratype 1), a narrow 
band of white to cream bisects the band of colour upon 
the periphery of the body whorl; aperture whitish to 
slightly translucent; protoconch cream; shell with high 
gloss. Subsutural band of numerous, narrow, well 
developed, straight axial ribs, delineated by a deep 
groove. Axial sculpture of numerous, narrow, well 
developed, straight ribs. Outline of whorls straight and 
very slightly turreted above the suture. Aperture 
elongate with somewhat flaring outer lip. Columella 
well developed and recurved. Protoconch of 3 or 4 
bulbous whorls. 

Size. Holotype length 54.5 mm. Paratype 1 length 
60.2 mm. Paratype 2 length 55.5 mm. Paratype 3 length 
59.1 mm. 

Type locality. Off Panglao, Bohol, Philippine 
Islands. 

Distribution. At present known only from the 
Philippine Islands. 

Remarks. The shell of Duplicaria deynzerorum 
exhibits a very high gloss only present upon members 
of the genus Duplicaria. So far this species is known 
only from the immediate vicinity of its type locality, 
the island of Bohol. 

Comparisons. The only species with which 
Duplicaria deynzerorum may be compared is 
D. raphanula (Lamarck), from which it may be 
separated by its far heavier and more solid shell, and 
by its more well-developed axial ribs. 
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Etymology. The species is named in honour of the 
Deynzer family of Florida, U.S.A., well known shell 
collectors, shell dealers and friends of the author. 
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Godiva quadricolor (Barnard, 1927) (Nudibranchia: Facelinidae) 
spreads into southern Queensland 
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ABSTRACT 

The aeolid nudibranch Godiva quadricolor (Barnard, 1927), previously recorded as introduced into southern Western 
Australia (i.e., the Fremantle-Cockbum Sound area) and now probably naturalised there, is herein recorded lrom 
southern Queensland (i.e., Pumicestone Passage, immediately north of the Port of Brisbane), where a breeding 
population is presently established. The most likely source of both introductions is shipping. Godiva quadricolor 
originally extended naturally through (tropical) eastern and (temperate) south-eastern Africa, so its further spread 
around the Australian continent seems inevitable. This paper records the characters important for recognition of this 
species, corrects the author’s earlier account of the morphology of the rhinophores, and describes intraspecific variation, 
particularly that relating to coloration of the head and cerata. Godiva rachaelae Rudman, 1980 is formally synonymised 
with G. quadricolor. Godiva quadricolor is now recorded as introduced in southern Western Australia, eastern Australia 
(herein), north-western Africa and the Mediterranean Sea, but it has never occurred naturally in the lndo-Pacific 
Ocean. 

Keywords: zoogeography, introduced marine species, shipping, Godiva , Queensland, Western Australia. 


INTRODUCTION 

Twelve species of opisthobranch molluscs are 
presently considered to have been accidentally 
introduced into Australian coastal waters by shipping; 
the majority are now definitely naturalised judging by 
persistence of records: Aplysiopsis formosa Pruvot-Fol 
(Hermaeidae), Kaloplocamus ramosus (Cantraine) 
(Triophidae), Polycera capensis Quoy and Gaimard 
(Polyceridac), Polycera hedgpethi Er. Marcus 
(Polyceridae), Thecacera pennigera (Montagu) 
(Polyccridae), Okenia plana Baba (Goniodorididae), 
Okenia zoobotryon (Smallwood) (Goniodorididae), 
Aegires punctilucens (d’Orbigny) (Aegiridae), 
Onchidoris depressa (Alder and Hancock) 
(Onchidorididae), Eubranchus inabai Baba 
(Eubranchidae), Tenellia adspersa (Nordmann) 
(Tergipedidae), Godiva quadricolor (Barnard) 
(Facelinidae) (pers. obs.). Arguably the latter is the best 
documented because it was the subject of a paper 
(Willan 1987) documenting its discovery in 1980 in 
the Fremantle-Cockburn Sound area, and that work 
provided a complete anatomical description to enable 
its future recognition. This contribution records 
G. quadricolor from the other side of the continent (i.e., 
southern Queensland), describes intra-specific 
variability and corrects the author’s earlier account of 
the morphology of the rhinophores. 


MATERIAL STUDIED 

Mr Gary Cobb of Buderim, Queensland, Australia, 
recorded the following 12 animals of Godiva 
quadricolor in 5-6 m off Bullock Beach at the northern 
reach of Pumicestone Passage, southern Queensland 
(centered on 26°48.50’S, 153°08.50’E): seven 
specimens - 58 mm, 36 mm, 35 mm extended length 
(remaining four animals not measured), on 6 October 
2004; one specimen - 30 mm, on 9 October 2004; four 
specimens - 54 mm, 51 mm, 50 mm and 34 mm, on 23 
October 2004. Eight of these 12 animals were collected 
and photographed in the laboratory (the strong current 
in Pumicestone Passage prevented them being 
photographed in situ). The first three animals were 
found close to each other on a 2 m 2 patch of clean, 
coarse sand. They were preserved and sent to the author 
for study and they are now accessioned into the wet 
mollusc collection at the Museum and Art Gallery of 
the Northern Territory (NTM) under the registration 
number P28522. Before preservation, these three 
specimens laid egg masses in captivity and on 
subsequent dives in Pumicestone Passage (all dives 
there are drift dives of necessity), Mr Cobb noted 
numerous identical spawn masses. The remaining 
specimens were returned to the sea approximately one 
week after their capture. 
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TAXONOMY 


Family Facelinidac Vayssiere, 1888 

Genus Godiva Macnae, 1954 
The genus was redefined by Willan (1987: 80). 

Godiva quadricolor Barnard, 1927 

(Figs 1,2) 

Hervia quadricolor Barnard, 1927: 203, pi. 20, figs 
9, 10. 

Godiva quadricolor. - Macnae 1954: 23-25, text 
figs 23-25; Edmunds 1964: 26, 27; Lemche 1964: 56, 
57; Baba and Hamatani 1965: 108, 109, Edmunds 
1977: 302, 303; Rudman 1980: 160, 171; M. Branch 
and G. Branch 1981: colour pi. 123, text fig. 316; J. 
Garcia and F. Garcia 1984: 14; Willan 1987: 71-85; 
Wells and Bryce 1993: 162, species number 211; 
Debelius 1998: 310; Furlani 1996: unnumbered page; 
Furlani 1997: 7. 

Godiva rachelae Rudman, 1980: 154-160, figs 10, 
11, 12A, 13D, 14A, 15 (new synonym). 


Facelina coronata. — Cattaneo-Vietti et al. 1990: 
pi. 13, fig. 4 (misidentification, not Facelina coronata 
(Forbes and Goodsir, 1839)). 

Comments on synonomv. Cervera (2002) has 
pointed out that Cattaneo-Vietti et al. (1990) 
misidentified Godiva quadricolor as Facelina 
coronata. 

The variation in body and ceratal coloration 
displayed by the specimens from southern Queensland 
is within the limits of intraspecific variation known 
for Godiva quadricolor. Further, given that: (a) some 
of the present animals possess the identical colour 
pattern to that of the species previously known as 
G. raclielae Rudman, 1980 (see below, and Fig. IB- 
D), (b) Rudman (1980: 160) found G. rachelae agreed 
with G. quadricolor in all features bar coloration and 
minor radular details, (c) variation is now known to 
exist in the number of denticles on the blade of the 
radular tooth (see below), and (d) the spawn masses 
of Tanzanian and southern Queensland animals are 
identical, I am confident G. rachelae is a synonym of 
G. quadricolor. Therefore, I formally make that 
synonymy herein. 



Fig. I. Godiva quadricolor , colour forms from Australian and South African populations. A, 51 mm extended length, 5-6 m, Pumicestone 
Passage, southern Queensland, Australia, 23 October 2004, animal displaying “typical" coloration of form quadricolor. B, 40 mm extended 
length, 5-6 m, Pumicestone Passage, southern Queensland, Australia, 6 October 2004. animal displaying coloration of form rachelae. 
C, 35 mm extended length, 5-6 m, Pumicestone Passage, southern Queensland, Australia, 6 October 2004, animal displaying coloration 
of form rachelae. D, c. 25 mm extended length, low tide, Charles’ Pool, Shaka's Rock, north of Durban, KwaZulu-Natal, South Africa, 
September 1985, animal displaying coloration of form rachelae. Photos: A-C, G. Cobb; D, D. Herbert. 
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CHARACTERISATION 

External features. Godiva quadricolor is a striking 
and distinctive member of the family Facelinidae. There 
are now adequate descriptions and images available to 
render it easily recognisable: Macnae (1954) has 
provided a detailed account of the morphology of the 
species in South Africa (Gosliner 1980: 55), and Willan 
(1987) has done the same for specimens from south¬ 
western Australia. Godiva quadricolor is included in 
the Australian National Introduced Marine Pest 
Information System (NIMPIS 2002). Within Australian 
waters, there are no other aeolids that could easily be 
confused with G. quadricolor, even in the field. 
Externally it is characterised by its relatively long body 
(here reported to reach 58 mm, but 35 mm is usual for 
adults), tentaculate fronto-lateral corners of the foot 
(propodial tentacles), extremely long tail (one of the 
animals reported here had a body length of 40 mm, 
including an 18 mm long tail i.e., the tail was one-third 
of its total body length), elongate oral tentacles that 
are much longer than rhinophores, elongate and 
fusiform cerata arranged in symmetrical arches on 
either side of the midline apart from the posterior pairs 
which are in short oblique rows. The most distinctive 
elements of the coloration (extracted from Willan 1987) 
are: (a) two large, opaque white dorsal blotches or 
streaks, one immediately behind the head and the other 
over the pericardium; (b) a narrow cream streak 
extending mid-dorsally the full length of the tail; (c) a 
pale (most often pale blue) streak extending dorso- 
laterally from the base of each rhinophore to two-thirds 
of the distance along the oral tentacle progressively 
narrowing in width; and (d) four separate elements of 
colour on the cerata - cream cnidosac, followed by sky 
blue, chrome yellow, and brown proximally. Many 
authors have commented on the variability of the colour 
of the cerata; not so much in the presence or absence of 


the separate elements, but their extent. “All are variable 
in distribution and one or more may be reduced to a 
vestige or absent altogether” (Macnae 1954). All of the 
individuals from this Queensland population possessed 
a rose-brown background suffusion to the body - a hue 
recorded previously only in the animal from South Africa 
photographed by Branch and Branch (1981). 

The rhinophores appear smooth to the naked eye. 
However, under magnification, they bear irregular 
annuli with a narrow ridge extending up the posterior 
midline (Fig. 2A, B) contradicting the author’s previous 
description (Willan 1987: 72), based on only one 
preserved specimen with contracted rhinophores, of 
“numerous, tiny, low, flat pustules”. 

Two of the 12 individuals from southern Queensland 
had dark pigment on the head concentrated into stripes 
flanking, and thus outlining, the pale streak that ran from 
the base of each rhinophore onto the oral tentacle (Fig. 
1B,C), but the other ten had no such outlining stripe 
(Fig. 1A). The striping pattern on the oral tentacles is 
consistent with that described for Godiva rachelae, here 
recognised as a colour form of G. quadricolor. An animal 
from South Africa possessing the coloration of the form 
rachelae is illustrated in Fig. ID. 

Internal features. The radula consists of a row of 
about 30 teeth: each tooth has a highly arched basal 
plate, the cusp is protracted and broad, and it is flanked 
by three to six (exceptionally seven or eight) strong 
yet narrow denticles. The masticatory process on the 
jaw is relatively short and thin, and its dorsal margin 
possesses a single row of tall, cuticularised denticles. 
The reproductive system, uniquely in the family, 
possesses a sharp-pointed, curved, cuticular spine 
(characters extracted from Willan 1987). The penial 
spine and ornamentation on the masticatory elements 
of the jaws offer a suite of characters which, in 
cladistics terminology, can be considered as 
autapomorphies for the genus Godiva (Willan 1987). 



Fig. 2. Godiva quadricolor from Piunicestone Passage, southern Queensland, 36 mm extended length, detail of fully extended rhinophores 
of actively crawling animal: A, Lateral view; B, Posterior view. Scale bar = 2 mm. Photos: G. Cobb. 
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Diet. Godiva quadricolor is a very active and 
pugnacious aeolid that readily ‘bristles’ its cerata when 
disturbed (Fig. 1A), autotomises the cerata with little 
provocation, and ‘swims’ briefly when aggravated by 
violent lateral flexion of the body. It is notorious for 
its diet in captivity (we know nothing of its diet in the 
wild); individuals voraciously consuming other 
nudibranchs (Gosliner 1987) (the specimens reported 
here from southern Queensland readily ate the 
nudibranchs Lomanotus sp. (see Cobb 2004) and 
Pteraeolidia ianthina (Angas)). Indeed, they seemed 
willing to devour any soft meat, natural or otherwise. 
Branch and Branch (1981: 220) presented a photograph 
of an animal eating the sea anemone Anthothoe 
stimpsoni, so the diet is not restricted exclusively to 
other nudibranchs. Mr Cobb discovered the specimens 
from Pumicestone Passage would readily devour mince 
and chicken in his aquarium. 

COMPARISON WITH RELATED SPECIES 

In the genus Godiva (sensu Willan 1987), most 
anatomical features are very similar, and this is fairly 
normal in aeolid groups where we would expect species 
of the same genus to have a very similar anatomy. It is 
important to be able to distinguish G. quadricolor from 
related (congeneric) Indo-Pacific species, none of 
which appears to have a human-assisted distribution at 
this time. Gosliner (1980, 1987) has recognised one 
new species of Godiva from Hawaii and separated it 
on its coloration. That species has a white streak along 
the front edge of the foot and propodial tentacles and a 
more or less continuous blue line bordering the foot. 
The tail has a white mid-dorsal streak on its upper 
surface. The rhinophores are banded in orange-brown 
and cream. The body is translucent with nebulous pale 
blue patches. The translucent cerata have scattered 
pigmentation consisting of creamish white pigment, as 
diffuse yet broad rings, over their outer surface. The 
chocolate brown digestive diverticulum is straight and 
narrow, and it tapers gradually to an exceedingly fine 
distal extremity. The author is currently describing 
another new Indo-Pacific species (see Wells and Bryce 
1993: 157, species number 203 and Debelius 1996: 
308) that has an orange mid-dorsal stripe on the oral 
tentacles and orange stripes on the head. And finally, a 
photograph of the specimen that Rudman (1980) 
mentioned (but did not illustrate) from 43 m, 
Broadhurst Reef, Great Barrier Reef, northern 
Queensland, shows that animal has a brown patch on 
the top of the head, a single narrow brown stripe that 
extends from the anteriormost ceratal cluster, along the 
side of the head onto the oral tentacle, and the cerata 
have two brown sections but neither blue nor orange 
colour elements, so that animal represents yet another 
new species; it is clearly not G. quadricolor (as herein 
interpreted) or its synonym G. rachelae. 


ZOOGEOGRAPHY 

Natural distribution. Godiva quadricolor was first 
recorded from St James, False Bay, South Africa 
(Barnard 1927) and it has subsequently been reported 
from many other localities on the east coast of South 
Africa (i.e., Kalk Bay, False Bay, Fish Flock Bay, 
Schoenmakers Kop, Zwartkops River estuary, 
Richmond (Macnae 1954), Bloubergstrand, Richmond, 
Knysna, Tsitsikama National Park, Port Elizabeth 
(Gosliner 1987), KwaZulu-Natal (Fraser 2001) and 
KwaZulu-Natal north coast (D. Herbert pers. comm.)). 
Besides these localities in warm temperate South 
Africa, it has also been reported from tropical waters 
of the Mozambique coast (Edmunds 1977), and the 
synonymy with G. rachelae (see above) indicates that 
it occurs as far north as Dar es Salaam in central 
Tanzania. Presumably the populations throughout this 
extensive range on the central- and south-eastern coast 
are kept in genetic contact by the Agulhas Current, “the 
mightiest current bathing the South African coast, and 
brings warm water from the tropics to the east coast” 
(Branch and Branch 1981: 14). This extensive range is 
not uncommon for eastern African nudibranchs 
(Gosliner 1987) and it parallels that of other wide- 
ranging temperate-tropical aeolids like Hermissenda 
crassicornis (Eschscholtz), another facelinid, that 
ranges naturally from Wakasa Bay, northern Japan, to 
Kodiak Island, Alaska, to Punta Eugenia, Mexico, and 
to Puertecitos, Bahia de Los Angeles, Baja California, 
Mexico (Behrens 1991; D. Behrens pers. comm.). If it 
seems I have belaboured this extensive natural warm 
temperate-tropical distribution of G. quadricolor it is 
to alter the mindset of malacologists that the species is 
endemic to cool temperate South Africa because it was 
first described from there. As Willan (1976) has argued, 
the locality from which a species was originally 
described is not necessarily the centre of its natural 
distribution. 

What is now clear is that Godiva quadricolor never 
occurred naturally further afield in the Indo-Pacific 
Ocean. Edmunds (1977: 303) was perfectly correct in 
stating: “It is such a large and gaudily coloured colid 
that if it occurs commonly throughout the Indo-Pacific 
region it would almost certainly have been discovered 
there by now”. Although nudibranchs are notoriously 
rare in time and space (Marshall and Willan 1999), there 
has been sufficient intensive collecting in this region 
nowadays in localities such as southern Japan, the 
Marianas Islands, Singapore, the Philippines, Papua 
New Guinea, New Caledonia, northern Australia, the 
Marshall Islands and Fiji, that such a large and striking 
aeolid could not have gone unnoticed. 

Human-assisted spread. In recording Godiva 
quadricolor on a boat hull in Ghana, Edmunds (1977) 
made two important revelations. First was the 
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documentation of its ability to live as part of the fouling 
community on boat hulls, and thus flag its potential 
for widespread transport. Second was the recognition 
that G. quadricolor can indeed live in tropical waters, 
a fact not highlighted by Edmunds himself. There have 
been no further records of G. quadricolor from tropical 
western Africa, but this is not surprising because there 
is no research being undertaken on nudibranchs from 
this part of the world at the present time. 

Willan (1987 ) recorded Godiva quadricolor as being 
established in southern Western Australia. He 
documented 14 animals from the Frcmantle-Cockburn 
Sound area that were cither collected or photographed 
between 1980 and 1983. The most probable explanation 
for this population was an accidental introduction by 
shipping, but in deference to the views of some 
Australian malacologists, the possibility of a natural 
extension of range across the Indian Ocean was also 
left open. The hypothesis of introduction by shipping 
has been repeated by Wells and Bryce (1993), Furlani 
(1996) and Debelius (1998) when they have 
subsequently illustrated animals from Western 
Australia. Graham Edgar discovered three animals on 
a sand patch close to a clump of scagrass (Poisidonia 
australis) in 3 m, near the causeway in Cockburn Sound 
on 12 January 1991. The survey by CRIMP for 
introduced species at the Port of Fremantle and the 
adjacent coast in 1999 did not record G. quadricolor 
(CRIMP 2000), but that survey was intended to look 
for species already designated as marine pests on the 
Australian Ballast Water Management Advisory 
Committee target list and the sampling was inadequate 
as a comprehensive faunal survey; indeed only 14 
species of gastropod and no nudibranchs were recorded. 
Abadi (2003) found and photographed G. quadricolor 
on a sandy-muddy substrate in 13 m, in the Swan River, 
on 22 December 2003. Therefore, in the author’s 
opinion, the evidence points strongly towards the 
naturalisation of G. quadricolor in southern Western 
Australia. 

Cattaneo-Vietti et al. (1990) included a picture of 
Godiva quadricolor (which they misidentified as 
Facelina coronata) in their book on Mediterranean 
nudibranchs. The location is very significant because 
Fusaro Lake is a highly modified water body near 
Naples containing many other alien species like 
Polycera hedgpethi. This record is a first for the 
Mediterranean and the author docs not know whether 
G. quadricolor had become naturalised there or not. 

The present discovery of an established breeding 
population of Godiva quadricolor in southern 
Queensland surely vindicates the hypothesis of human- 
assisted spread of this nudibranch. Mr Cobb recorded 
12 individuals and many spawn masses over only 18 
days in October 2004. The occurrence of G. quadricolor 
at this locality in southern Queensland is not surprising. 


since Pumicestone Passage is immediately beside the 
main shipping route into Moreton Bay, and thence the 
Port of Brisbane. 1 predict this southern Queensland 
population will persist and the species will become 
naturalised in eastern Australia as it is presently 
naturalised in south-western Australia. 

In conclusion it would seem that Godiva 
quadricolor originally had an extensive natural 
distribution in (tropical and temperate waters of) central 
and southern East Africa, and now, with the aid of 
shipping, it is spreading rapidly around the world; it is 
certainly spreading more rapidly within Australia at this 
time than any of the other alien opisthobranch species. 
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ABSTRACT 

Fifty-seven species of Ascidiacea from Australian territories bounded by the Timor and Arafura Seas are discussed. 
The majority were known previously from western Pacific and/or Indian Ocean (including Australian) tropical waters, 
although 13 species are new. Discussions focus on geographic range and/or morphology ol adults and larvae and 
their relationships. New records for a further 37 known species are listed. The majority (35) of species discussed, 
including 11 that are new (seven in the genus Didemnunt, three in Polysyncraton and one in Trididenmum), are in the 
family Didemnidae. Trididenmumpseudodiplosotna (Kott, 1962). an indigenous species originally known from southern 
Australia, is recorded again from the Northern Territory. Diplosoma ferrugewn Kott, 2001 is proposed as a junior 
synonym of D. versicolor Monniot, 1994. Non-didcmnid aplousobranch taxa, Polycitoridae, Holozoidae and 
Polyclinidae are represented, respectively, by Eudistoma spp. including the unusual E. ovation Herdman. 1886 (which 
is redescribed); Distaplia spp. including a new, possibly tropical sister species of the temperate D. attstraliensis 
Brewin, 1953; and Polyclinum spp. including the tropical Polyclimtm tsutsuii Tokioka, 1954 (also redescribcd, together 
with its incubatory pouch). In other suborders, a multipapiHate larva is described lor Perophora modificata Kott; 
1985 (Phlebobranehia); and tropical and sub-tropical species of the colonial styelid genus Symplegma (Stolidobranchia), 
including a new Australian species, are redefined and a key to their identification presented. 

Keywords: brood pouch, multipapillate larva, siphonal armature, new species, Ashmore Reef. Darwin. Perophora, Distaplia, 
Polyclinum, Leptoclinides, Polysyncraton, Didemnum, Trididemnum, Lissoclitutm, Diplosoma, Symplegma. 


INTRODUCTION 

This report is based primarily on SCUBA collections 
from the Darwin region and Ashmore Reef, at depths from 
four to seven metres. The material from Darwin 
supplements that reported on by Kott (2002), but the 
collections from Ashmore Reef represent the first 
significant sampling of ascidians from this location. 
Although an Australian Territory, Ashmore Reef, in the 
Timor Sea (between 122° 53'and 123° 16’Eand 12° 10' 
and 12°20‘S), is well separated geographically from the 
north-western Australian coast and considerably to the 
west of Darwin and the Northern Territory (Fig. I). The 
area is in the path of south-flowing currents from the 
Malaysian peninsula. Indonesia and the Philippines and 
its marine assemblages appear to form part of a chain of 
recruitment and a pathway for gene flow between 
Australia and that part of the tropical Indo-west Pacific 
to the north. The majority of the species recorded in the 
present work are tropical ones and more than half (35) of 
the 57 species discussed have been recorded previously 
from the western Pacific and/or Indian Ocean, including 
Australian locations. In due course, the 13 new species 
may be found to have a similar range. The relatively 
restricted known range across the north of Australia of 


the six species of the family Polycitoridae recorded here 
may also be the result of lack ot records. It is apparent 
that northern Australia is not isolated from the Indo-west 
Pacific tropical region and must be considered part ot it. 
Some isolation of tropical from temperate fauna is evident 
around the southern half of the Australian continent in 
the existence of indigenous as well as Southern Ocean 
species (Kott 1985, 1990. 1992,2001) and in the southern 
limits of the range of many tropical species about halfway 
down the eastern and western coasts of the continent. 
Evidence of a tropical affinity for an appreciable 
proportion of Australia’s indigenous ascidian species as 
well as the separation of temperate from tropical fauna 
exists in the possibility that tropical Distaplia turboensis 
sp. nov. is a sister species of the temperate D. attstraliensis 
Brewin, 1953 (see below). Nevertheless, in some cases, 
some gene flow appears to ensure a continuous range 
between tropical and temperate waters for species such 
as Trididemnum pseudodiplosotna (Kott 1962) and many 
others (see Kott 1985). 

It should be noted that the material on which this report 
is based is from general invertebrate collections, yet the 
dominance of the family Didemnidae is striking. This may 
be partly the result of subjective collecting bias, the 
habitats and depth sampled and the size and conspicuous 
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Fig. 1 . Map showing the Arafura and Timor Seas and their relationship to the Australian mainland and 
Papua New Guinea and Timor (collecting areas indicated). 


appearance of didemnid colonies. Undoubtedly it also 
reflects a diversity of the family Didemnidae in shallow 
water locations and may reflect the advantages of sheet¬ 
like colonies with two-dimensional growth patterns that 
rapidly occupy space. 

The genus Symplegma , a colonial stolidobranch genus 
with a similar two-dimensional growth form, is also 
relatively well represented in these waters by four of the 
seven tropical species known worldwide. As in the 
Didemnidae, size reduction and simplification, associated 
with replication, mask possible diagnostic characters in 
this genus where intra-specific variations are not well 
documented and species parameters not well defined, 
resulting in a tendency either to regard specimens from a 
wide geographic range as conspecific (resulting in a 
number of apparently pantropical species (see Kott 1985)) 
or the acceptance of every variation as a species character 
(resulting in confusing synonymies; see C. and F. Monniot 
1997 and Monniot 1988). The genus, being colonial, 
broods its embryos and it is unlikely that larvae have long 
free-swimming lives, a factor that tends to support 
radiation and speciation. Indeed many species do appear 
to have a relatively limited range, but others do not. As 
shown in the key to species (below), those with entire 
(unlobed) testis follicles (readily distinguished from others 
with lobed and/or branched follicles) are recorded only 
from a limited geographic range. These species are 
S. viride (Herdman, 1886), well known from the western 
Atlantic, S. replans Oka, 1927 from Japan and southern 
California (from 1995; see C. and G. Lambert 2003), 
S. zebra Monniot, 2002, from Mozambique and the 
Maldives and S. teruakii sp. nov. (misidentified as S. 
replans : Kott 1985) known only from the Great Barrier 


Reef (see below). The group of species with lobed follicles 
known mainly from the Pacific and Indian Oceans 
contains more widely ranging species that are more 
difficult to distinguish from one another. In fact, in 
discussing Symplegma species from the Indian Ocean and 
the western Pacific, Van Name (1945: 233) was of the 
opinion that ‘the exact status of the Old World forms does 
not seem to be satisfactorily settled’. This statement 
remains true to this day. The species in this group that are 
discussed below are Symplegma bahraini C. and F. 
Monniot, 1997, S. brakenhielmi (Michaelscn, 1904), and 
5. rubra Monniot, 1972. Of these species, the last two 
have a pan-tropical recorded range and S. bahraini , from 
the Arabian Gulf and the western and eastern Indian 
Ocean, resembles S. alterna Monniot, 1988, from New 
Caledonia, and may be a junior synonym. 

Other stolidobranch ascidians are not common in these 
collections although massive aggregates of large, solitary 
Pyura and Microcosinus species with tough leathery tests 
were taken from harbour installations in Cullen Bay, 
Darwin Flarbour. Light-microscopy of siphonal armature 
is essential for the identification of these species. 

Large solitary phlebobranchs were not taken at all in 
these collections although the colonial phlebobranch 
Perophora modijicata Kott, 1985 (previously known only 
from the western Pacific) was recorded twice. Its larvae 
with an unique adhesive array are described for the first 
time. They demonstrate the extent to which ascidian larvae 
as well as zooids and colonies respond to environmental 
pressures, in this case acquiring an unusually large number 
of adhesive organs that ensure firm attachment for the 
large, almost spherical larvae in shallow coralline habitats 
where strong tidal currents prevail. 
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Abbreviations. The museums holding the 
specimens referred to in this work are indicated by the 
relevant acronym preceding the reference number of 
the specimen, as follows: Museum and Art Gallery of 
the Northern Territory. Darwin (NTM); Queensland 
Museum, Brisbane (QM); South Australian Museum 
(SAM); Western Australian Museum (WAM). 

The sign < or > before a taxon name indicates, 
respectively, a senior or a junior synonym relative to 
the name that precedes it. 

New species (sp. nov.), although sometimes 
informally referred to in preceding pages, are formally 
described on pages marked * in the index to this paper. 

Species reported in this study 
PHLEBOBRANCHIA 

Corellidae Lahille, 1888 (Rhodosomatinae Seeliger, 
1893) 

Rhodosoma turcicum (Savigny, 1816) 
Perophoridae Giard, 1872 

Ecteinascidia sluiteri Herdman, 1906 
Perophora modificata Kott, 1985 

APLOUSOBRANCHIA 

Polycitoridae Michaelsen, 1904 
Eudistoma carnosum Kott, 1990 
Eudistoma ovation (Herdman, 1886) 

Eudistoma sluiteri Hartmeyer, 1909 
Eudistoma tumidum Kott, 2001 
Holozoidae Berrill, 1950 

Dislaplia mikropnoa (Sluiter, 1909) 

Distaplia racemosa Kott, 1990 
Distaplia turboensis sp. nov. 

Polyclinidae Milne Edwards, 1841 
Polyclinum glabrum Sluiter, 1895 
Polyclinum psammiferum Hartmeyer, 1911 
Polyclinum saturnium Savigny, 1816 
Polyclinum tsutsuii Tokioka, 1954 
Aplidium clivosum Kott, 1992 
Aplidium ritteri (Sluiter, 1895) 

Didemnidae Giard, 1872 

Leptoclinides aciculus Kott, 2001 
Leptoclinides brandi Kott, 2001 
Leptoclinides constellatus Kott, 2001 
Leptoclinides echinus Kott, 2001 
Polysyncraton alinguum sp. nov. 

Polysyncraton arvum sp. nov. 

Polysyncraton niveum sp. nov. 

Didemnum albopunctatum Sluiter, 1909 
Didenmum aratore sp. nov. 

Didemnum clavum Kott, 2001 
Didemnum domesticum sp. nov. 

Didemnum jedanense Sluiter, 1909 
Didemnum lillipution sp. nov. 

Didemnum madeleinae F. and C. Monniot, 2001 
Didemnum membranaceum Sluiter, 1909 
Didemnum nekozita Tokioka, 1967 


Didemnum ossium Kott, 2001 
Didemnum roberti Michaelsen, 1930 
Didenmum rota sp. nov. 

Didemnum tumulatum sp. nov 
Didenmum usitatum sp. nov. 

Didemnum vesperi sp. nov. 

Trididenmum discrepans (Sluiter, 1909) 
Trididenuium farrago sp. nov. 

Trididenmum marmoratum (Sluiter, 1909) 
Trididenmum planum Sluiter, 1909 
Trididenmum pseudodiplosoma (Kott, 1962) 
Lissoclinum badiitm F. and C. Monniot, 1996 
Lissoclinum bistratum (Sluiter, 1905) 

Lissoclinum multifulum (Sluiter, 1909) 
Lissoclinum reginum Kott. 2001 
Lissoclinum taratara C. and F. Monniot, 1987 
Lissoclinum timorense (Sluiter, 1909) 

Diplosoma translucidum (Hartmeyer, 1909) 
Diplosoma versicolor Monniot, 1994 

STOLIDOBRANCHIA 

Styelidae Sluiter, 1895 (Styelinae Herdman, 1881) 
Symplegma baliraini C. and F. Monniot, 1997 
Symplegma brakenhielmi (Michaelsen, 1904) 
Symplegma rubra Monniot, 1972 
Symplegma teruakii sp. nov. 

Pyuridae Hartmeyer, 1908 

Pyura gauge lion (Savigny, 1816). 

Microcosmus exasperatus Heller, 1878 

Additional species recorded. In addition to the 
species discussed below, the following well documented 
and widely ranging species are reported: 

Clavelinidae — Clavelina arafurensis Tokioka, 1952 
(see Kott 1990): Ashmore Reef, NTM E276. Clavelina 
meridionalis (Herdman. 1891) (see Kott 1990): Ashmore 
Reef, NTM E260. Clavelina moluccensis (Sluiter, 1904) 
(see Kott 1990): Ashmore Reef, NTM E275. Clavelina 
robusta Kott. 1990 (see F. and C Monniot 2001): Lee Point. 
QM G308752. 

Polycitoridae — Cystodytes dellechiajei (Della Valle, 
1877) (see Kott 1990): Ashmore Reef, NTM E267. 
Cystodytes philippinensis (Herdman, 1886) (see Kott 2003): 
Darwin, QM G308665. Polycitor circes Michaelsen, 1930 
(see Kott 1990, 2002): Bynoe Harbour, QM G308698-9. 
Eudistoma eboreum Kott. 1990 (see Kott 2003): Ashmore 
Reef, NTM E291 (Fig. 22A). 

Holozoidae — SigilUna signifera (Sluiter, 1909), (see 
Kott 1990): Ashmore Reef. NTM E247. Sycozoa seiziwadai 
Tokioka. 1952 (sec Kott 2002): Ashmore Reef. NTM E270; 
Darwin, QM G308640-3; Bynoe Harbour, QM G308689. 
Hypodistoma deerratum (Sluiter, 1895) (see Kott 2002): 
Ashmore Reef, NTM E243; Darwin. QM G308636; Bynoe 
Harbour, QM G308690. 

Pseudodistomidae — Pseudodistoma gracilum Kott, 
1992 (see F andC. Monniot 2001): Darwin, QMG308657. 

Polyclinidae — Synoicum macroglossum (Hartmeyer, 
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1919) (see Kott 2003): Darwin, QM G308658). Aplidium 
caelestis Monniot, 1987 (see Kott 1992): Darwin, QM 
G308673. Aplidium multiplication Sluiter. 1909 (see Kott 

2003) : Darwin, QM G308653-4. 

Didemnidae — Leptoclinides dubius (Sluiter, 1909) (see 
Kott 2004a): Bynoe Harbour, QM G308728. Leptoclinides 
rigidus Kott, 2001 (see Kott 2004): Bynoe Harbour. QM 
G308708 G308718. Polysyncraton cuculliferum Sluiter. 
1909) (see Kott 2002): Bynoe Harbour. QM G308715. 
Polysyncraton glaucum Kott, 2001: Bynoe Harbour, QM 
G308736. Polysyncraton purou C. and F Monniot, 1987 
(see Kott 2002): Bynoe Harbour, QM G308707. G308726. 
Didemnum cygnuus Kott 2001: Bynoe Harbour. QM 
G30871 6 . Didemnum fragile Sluiter, 1909 (see Kott 2001): 
Bynoe Harbour, QM G308741. Didemnum fuscum Sluiter, 
1909 (see Kott 2001): Bynoe Harbour. QM G308730. 
Didemnum molle Herdman. 1886 (see Kott 200): Ashmore 
Reef. NTM E234-5: Scott Reef, WAM 111.90. Didemnum 
moseleyi (Herdman, 1886) (see Kott 2001): Bynoe Harbour, 
QM G308713. Didemnumpsammatode (Sluiter. 1895) (see 
Kott 200): Darwin, NTM E231; Bynoe Harbour. QM 
G308701, G308734. Trididemnum pigmentation Kott, 2001 
(see Kott 2004): Bynoe Harbour, QM G308714. 
Trididemnum savignii (Herdman, 1886) (see Kott 2004): 
Bynoe Harbour. QM G30872I, G308746. Lissoclinum 
calycis Monniot, 1992 (see Kott 2001): Bynoe Harbour, 
QM G308749. Lissoclinum roseum Kott, 2001 (see Kott 

2004) : Bynoe Harbour. QM G308735. Diplosoma 
listerianum (Milne Edwards, 1841) (sec Kott 2001): 
Darwin, NTM E274. Diplosoma virens (Hartmeyer, 1909) 
(see Kott 2002): Bynoe Harbour, QM G308743. 

Ascidiidae— Phallusiajulinea Sluiter, 1919 (see Kott 
1985): Darwin, QM G308675. Pliallusia millari Kott, 1985 
(see Kott 1985): Darwin, QM G308656. 

Styelidae — Polycarpa papillata (Sluiter. 1885) (see 
Kott 1985): Darwin. NTM E232, QM G308652. Polycarpa 
pigmentata (Herdman 1906) (see Kott 1985): Ashmore 
Reef, NTM E280. Botrylloides leachii (Savigny, 1816) (see 
Kott 2001): Bynoe Harbour, QM G308722. 

Pyuridae — Microcosmus helleri Herdman. 1882 (see 
Kott 1985): Darwin, QM G308647. 

TAXONOMY 

Family Corellidae 
Subfamily Rhodosomatinae 
Rhodosoma turcicum (Savigny, 1816) 
Phallusia turcica Savigny. 1816: 102. 

Rhodosoma turcicum - Kott 1985: 85 and synonymy; 
2003: 1613. 

Distribution. The species has a remarkable range 
encircling the tropics in a wide latitudinal band from the 
western Atlantic (the Caribbean) and the Mediterranean, 
the eastern Pacific off California and Chile, the western 
Pacific, around the Australian coast, Indonesia, the 
Philippines, southern Japan, China and the Gulf of Siam, 


Sri Lanka and the Red Sea (see Kott 1985). The species 
is recorded from shallow sub-tidal waters down to 118m. 
Despite Kott's report of its rare occurrence at Heron Island, 
it is regularly encountered there, though only one or two 
specimens are recorded at a time and reports from other 
locations reflect a similar sparse density distribution. 
Neither its strategies for gene flow through such a wide 
geographic range, nor the mechanisms for fertilisation in 
its apparently sparse populations are known. It is possible 
that the relatively rare specimens usually encountered have 
their genesis in more crowded poluations in habitats not 
yet explored. The new record is from Ashmore Reef (NTM 
E271). 

Family Perophoridae 
Ecteinascidia sluiteri Herdman, 1906 

Ecteinascidia sluiteri Herdman. 1906: 300. - Kott, 
2003 and synonymy. 

Distribution. Previously recorded (see Kott 2003): 
Queensland (northern Great Barrier Reef, Coral Sea 
Plateau), Micronesica. New Caledonia, Palau Islands, 
Singapore, Sri Lanka, Mozambique. New record : Ashmore 
Reef, NTM E246. 

Remarks. The newly recorded specimens have the 
characteristic longitudinal bands of short parallel muscles. 

Kott (1985) commented that she found the species, 
taken at low tide, to be the common perophorid on rubble 
at Lizard Island. The relatively sparse records of this 
widely ranging Indo-West Pacific species may be because 
it is inconspicuous in its cryptic habitats. 

Peropltora modificata Kott, 1985 

(Fig. 2A-E) 

Peropliora modificata Kott, 1985: 104. - Monniot 
1997: 562; F. and C. Monniot, 2001: 301. 

Distribution. Previously recorded (see Kott 1985; F. 
and C. Monniot 2001): Queensland (northern Great Barrier 
Reef, Coral Sea Plateau). New Caledonia, Palau Islands, 
Philippines. New records : Ashmore Reef, NTM E26I, 
E286. 

Description. The species form colonies of separate 
zooids joined to a basal network of branching and 
anastomosing stolons. In both the newly recorded colonies 
the long axis of the zooids is dorso-ventral, the atrial 
aperture being terminal and the stalk is from the posterior- 
ventral end of the zooid near the posterior end of the 
endostyle. In both the newly recorded colonies the atrial 
aperture is on a siphon that is turned toward the anterior 
side of the zooid so that it faces the same way as the short 
branchial siphon, which is halfway down the side of the 
body and directed to the side. The characteristic highly 
vascularised extension of the body wall projects into the 
stalk from the postero-ventral corner of the body (at the 
posterior end of the endostyle). About 20 fine longitudinal 
muscles (on each side of the body) extend from the 
interspace between the apertures and the branchial siphon. 
On the right, these muscles terminate at the opposite 
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Fig. 2. Perophora modificata: A. NTM E261, colony; B, NTM E261, abdomen; C, D. E, NTM E286, larvae from the iront, left side and 
dorsum respectively. Scale bars: A, 1.0 mm; B-E, 0.1 mm. 


(posterior) margin, although the most ventral bands bend 
toward the endostyle. On the left, all the muscles terminate 
along the distal limb of the gut loop. The gut forms a simple 
loop along the upper two-thirds of the dorsal side of the 
body. Two stolonic vessels, one each side of the vascular 
extension are in the stalk and connect with the vessel in the 
basal stolon. Four rows, each of about 30 stigmata, are in 
the branchial sac, and about 14 entire and uninterrupted 
inner longitudinal branchial vessels on each side are 
supported on short papillae on the transverse vessels. The 
stomach is round and smooth-walled, and a short duodenum 
and small rounded posterior stomach are in the proximal 
limb of the gut loop. 

A circle of small pyriform testis follicles surrounds 
the proximal end of the vas deferens in the pole of the gut 
loop in one of the colonies (NTM E261). In the other 
colony (NTM E286) a single line of four or five large 
spherical embryos are in an incubatory pouch in the right 
pallial body wall around the postero-dorsal curve of the 
zooid (see Goodbody and Cole 1987). Both these colonies 
were collected in October. As well as having a large 
spherical balloon-like trunk with the small oozooid in the 
posterior end, the larvae are unusual in having sessile 


adhesive organs in a double row, each row of ten, around 
the antero-median margin, just to the right of the tail where 
it encircles the trunk. The larvae have an otolith and an 
ocellus and four long rows of small stigmata on each side 
of the gaping larval pharynx. A small, simple gut loop 
(with a clump of small, crowded testis follicles in the pole 
of the loop) is at the posterior end of the pharynx. The 
broad, flat larval tail, twisted through 90° (a characteristic 
of this family) is wound about two thirds of the way around 
the trunk. Dark pigment particles tend to obscure the 
anterior part of the larval trunk. 

Remarks. Although there is some variation in the length 
of the zooid stalks in this species there are few other 
intraspecific variations. Specimens are invariably a clear 
yellow colour in life, although there is some variation in 
their colour in preservative. The two stolonic vessels, the 
vascularised extension of the body wall into the stalk, the 
orientation of the zooids, the circle of numerous testis 
follicles and the remarkable balloon-shaped larvae are 
characteristic of the species. The numerous testis follicles 
arranged in a circle are reminiscent of the testis follicles in 
Ecteinascidia spp. (see E. diaphanis Sluiter, 1885; Kott 
1985) and usually are not found in the present genus. The 
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testis follicles in the type specimen of this species were 
larger and more club-shaped than in many of the zooids in 
newly recorded material. The testis follicles may become 
longer as they mature 

The species most closely related to the present one is 
Perophora longicaulis Kott, 2003, which has similar 
colonies, vascular stolons and a vascularised extension into 
the stalk. It is distinguished from the present species by its 
smaller zooids and interrupted internal longitudinal 
branchial vessels. 

Family Polycitoridae 
Eudistoma carnosum Kott, 1990 

Eudistoma carnosum Kott, 1990: 201. 

Distribution. Previously recorded (see Kott 1990): 
Western Australia (Houtman’s Abrolhos to Cockburn 
Sound). New record : Northern Territory (Darwin, QM 
G398661). 

Description. The newly recorded colony is a firm 
cushion encrusting an hemispherical substrate. The living 
colony is a bluish-black colour and in preservative it has 
black pigment gathered into spherical patches in the surface. 
Zooids open separately, about ten branchial openings in a 
circle, each circle surrounding a central depression or 
rudimentary common cloacal cavity in the surface that 
receives the atrial apertures. Oval clumps of white particles 
that appear to be intracellular, crystalline, calcareous 
deposits in large, spherical vesicles (similar to bladder cells) 
are evenly space, but become more sparse toward the base 
of the colony. These vesicles make the surface layer of 
gelatinous, translucent test look frothy. Zooids are black in 
the preserved colony and are very contracted. They have 
the usual long atrial siphon, three rows of stigmata, a very 
long oesophageal neck and a slightly elongate stomach and 
rounded posterior stomach in the gut loop. 

Remarks. The present species is distinguished from 
others with rudimentary common cloacal cavities by the 
lack of sand in the test and the presence of the calcareous 
deposits in the large vesicles in the test. The newly 
recorded colony considerably extends the known 
geographic range of the species, formerly known only 
from the mid-Western Australian coast. 

Eudistoma ovatunt (Herdman, 1886) 

(Fig. 3A-C) 

Psammaplidium ovation Herdman, 1886: 246. 

Eudistoma ovatum - Kott 1972: 43. 

Not Eudistoma ovatum - Hastings 1931: 82; Kott 
1990: 222 < Eudistoma pyriforme; F. and C. Monniot 
2001: 243 < Eudistoma carnosum. 

Distribution. Previously recorded : Northern Australia 
(Torres Strait, Herdman 1886; Gulf of Carpentaria, Kott 
1972). New records : Northern Territory (Bynoe Harbour, 
QM G308678, G308751). 

Description. The newly recorded colonies are soft, 
sessile cones about 5 cm high, although plate-like or lobed 
colonies to 10 cm in maximum extent and up to 5 cm in 


thickness have been reported (Kott 1972). A sparse layer 
of sand, shell particles and faeces are in the surface test 
and coarser particles are on the base of the colonies, but 
embedded particles are not in the internal test which is 
transparent and especially soft. Zooids are crowded and 
parallel to one another, projecting obliquely into the centre 
of the colony. Their separate openings to the surface are 
obscured by the sand in the surface test, although they do 
not seem to form rudimentary common cloacal systems. 
Relaxed zooids are 8-10 mm long. Fine longitudinal 
muscles from the siphons join into about six bands on 
each side of the thorax and continue along each side of 
the abdomen. Beneath the longitudinal muscles are about 
21 crowded parallel transverse muscles on the thorax. 
Although circular muscles are on each of the siphons they 
do not form the conspicuous bulging sphincters of many 
species in this genus. Sixteen long stigmata are in each o| 
the three rows on each side of the body. The short stomach, 
long duodenum (slightly expanded distally) and a small 
onion-like expansion where the mid-intestine enters the 
posterior stomach are all at the posterior end to the long 
abdomen at the distal end of the descending limb oi the 
gut loop. The long, posterior stomach is bent in the pole 
of the secondary gut loop and opens into a stiff, rigid, 
yellowish length of gut that has a cuticle-like appearance 
and makes a complete clockwise (when viewed from the 
left side) coil or double loop in the posterior end of the 
abdomen before opening into the soft flexible intestine 
containing the line of faeces pellets that occupy the whole 
of the ascending limb of the gut loop and dominate the 
internal appearance of this species. 

The newly recorded colonies (collected in July) contain 
up to two embryos, one a tailed larva which sometimes is 
oriented across the atrial cavity with its anterior end in 
the base of the atrial siphon. The larvae are identical with 
those found in the material from the Gulf of Carpentaria 
(Kott 1972). The small trunk is 0.6 mm long with two 
pairs of lateral ampullae along each side of the three 
antero-median adhesive organs and a median dorsal and 
median ventral ampulla each with a long posterior 
extension. 

Remarks. Despite some variation in the appearance 
of the colonies, the newly recorded colony and 
specimens from the Gulf of Carpentaria (Kott 1972) 
have the same distribution of sand in the colony and 
the same large zooids, muscles, branchial sac and the 
double loop of the gut at the posterior end of the body 
as described for the type species by Herdman (1886) 
and Hastings (1931). 

Although Hastings (1931) thought that the presence 
of either a kink or a coil in the proximal part of the 
ascending limb of the gut loop was not significant as a 
specific character, it is clear from examination of the newly 
recorded specimen that it is not only the course of the gut 
but also the consistency of its coiled part that is affected 
and that coil in the pole of the gut loop together with its 
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Fig. 3. Eudistoma ovatum: A. 15, QM G308678, views of the abdomen showing the coiled gut loop and gonads; C. QM G308751, larva. 
Eudistoma sluiteri (QM G308753): D, surface view of colony showing rudimentary common cloacal cavity. Scale bars: A, B. 0.5 mm; 
C. 0.1 mm; D. 1.0 mm. 


rigid cuticle-like gut wall is a significant character 
distinguishing the present species from others in the genus. 
The specimens found to have been erroneously assigned 
to this species have the proximal part of the ascending 
limb of the gut loop kinked rather than characteristically 
coiled. Eudistoma ovatum F. and C. Monniot has circular 
systems, crystals in the test and a large larval trunk with 
two rows of numerous lateral ampullae on each side of 
the antero-median adhesive organs, all suggesting that it 
may be a specimen of Eudistoma carnosum. The sandy 
specimens described by Hasting (1931) and Kott (1990) 
from the Great Barrier Reef and Hasting’s specimen from 
Cape Boileau appear to be another sandy Australian 
Eudistoma sp., E. pyriforme (Herdman, 1886), which has 
the gut kinked rather than looped, and has sand crowded 
throughout the test rather than mainly being in a layer on 
the surface. Eudistoma vulgare Monniot, 1988, with a 
similar larva as that described for E. ovatum: Kott. 1990 
and E. arenaceum Sluiter, 1909, appear also to be 
synonyms of E. pyriforme. 

Other species reported to have two spirals in the pole 
of the gut loop are Polycitor scaber Sluiter, 1909 and P. 
spirifer Sluiter. 1909. However, the former (although it 
has three rows of stigmata and probably is an Eudistoma 
sp.) is reported to have only six stigmata per row and the 
latter to have four rows of stigmata. 


Eudistoma sluiteri Hartineyer, 1909 
(Figs 3D; 22B) 

Eudistoma sluiteri Hartmeyer, 1909: 1488 (notri. nov. 
for Polycitor mollis Sluiter, 1909).-Kott, 1998: 111. 

Distribution. Previously recorded (see Kott 1990): 
Queensland (Great Barrier Reef): Indonesia. New records: 
Northern Territory (Darwin, QM G308638, G308662, 
G308668-9, G308672, G308753). 

Description. The colonics are robust, often extensive 
slabs sometimes with some rounded elevations on the 
surface. The test is firm, gelatinous without sand or other 
inclusions. The upper surface is even and the zooids are 
arranged in wide circles of about ten, each circle 
surrounding a small central saucer-shaped rudimentary 
common cloaca which is depressed into the surface of the 
colony with its margin projecting from the surface. Living 
colonies are a beige, grey or brown externally, but collectors 
report the internal colour always to be brown. The test of 
the preserved colony is reddish-brown to black, the 
pigments concentrated in a layer at the surface and a wide 
band at the level of the upper half to two-thirds of the basal 
half of the colony. Between these bands of pigment, the 
test is translucent. Zooids are black in preservative and have 
the usual longitudinal and transverse muscles, long six- 
lobed atrial siphon and the very long oesophageal neck 
with the stomach and gonads in the gut loop at the posterior 
end of the long abdomen. 
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Remarks. Although Kott (1990) did not observe the 
rudimentary common cloacal cavities of this species they 
are present in all the newly recorded specimens, the 
elevated margins of the depressions supporting their status 
as cloacal cavities rather that merely surface depressions. 
Also, the zooids figured by Kott (1990: fig. 84a-c) were 
contracted and presumably this obscured the very long 
oesophageal neck of species of this genus. However, the 
stomach and gonads are in the gut loop at the posterior 
end of the abdomen. Like E. carnosum the lack of 
contained sand distinguishes the species from others with 
rudimentary common cloacal cavities, and the lack of the 
large crystalline-filled vesicles distinguishes the species 
from E. carnosum. The external colour of colonies of this 
species is very variable. 

Eudistoma tumidum Kott, 1990 

Eudistoma tumidum Kott, 1990: 232. - F. and C. 
Monniot: 2001: 245. 

Distribution. Previously recorded (see F. and C. 
Monniot 2001): Gulf of Carpentaria; Philippines. New 
record: Northern Territory (Darwin, QM G308639). 

Description. The newly recorded colony (collected in 
September) consists of irregular rounded elevations from 
a basement membrane. Zooids are arranged in circular (but 
not cloacal) systems. Some sparsely distributed sand is in 
the test. Larvae are present and resemble those described 
for the type material and those from the Philippines 
(collected in March: F. and C. Monniot 2001). The larval 
trunk is small (0.5 mm long) and long, pointed lateral 
ampullae, each with a parietal accessory lobe at the base, 
are along each side of the three antero-median adhesive 
organs. Both the dorsal and ventral median ampulla has a 
posteriorly projecting extension from its base. 

The shape of the colony appears to be consistent. Kott’s 
(1990) prediction that in living specimens the surface 
lobes would be crowded together to form an hemispherical 
mass is incorrect. As well as the colony shape, the small 
larvae contribute to the definition of the species. Despite 
F. and C. Monniofs (2001) suggestion, and the fact that 
both species have similar small larvae, this species does 
not resemble Eudistoma ovatum in any way. 

Family Holozoidae 
Distaplia mikropnoa (Sluiter, 1909) 

Polyclinum mikropnous Sluiter. 1909: 94. 

Distaplia mikropnoa - Kott 2002: 24 (part, not 
specimen NTM E200 < D. racemosa) and synonymy. 

Distribution. Previously recorded (see Kott 2002): 
Northern Territory (Darwin); Palau Islands, Indonesia. 
New records: Ashmore Reef. NTM E252; Northern 
Territory (Darwin, QM G308702). 

Description, The newly recorded colonies are soft 
cushions and lack the stalk reported previously for the 
species. In all other characters, the colonies and zooids 
resemble those previously described, with double rows 


of zooids converging to two or three common cloacal 
apertures on the top of the colony. Gonads are in a sac 
behind the abdomen, fine parallel folds are in the stomach 
wall and, as previously described for this species, a I lag 
of tissue is attached to the rectum. 

Remarks. Despite the few previous records of this 
species, it is readily identified and appears to be a reasonably 
common component of the Indo-west Pacific fauna. 

Distaplia racemosa Kott, 1990 

(Figs 4A, 22C) 

Distaplia racemosa Kott, 1990: 124. 

Distaplia cuspidis Kott. 2002: 23 and synonymy (new 
synonym). 

Distribution. Previously recorded (see Kott 1990, 
2002): Northern Territory (Arafura Sea), Palau Islands. 
New records: Northern Territory (Darwin. NTM E297; 
Bynoe Harbour, QM G308686, G308691-4. G308745, 
G308747). 

Description. The newly recorded colonies, as 
described previously for this species, are pink/white slabs 
with clouds of a white deposit that surrounds the pink 
zooids in the surface of the colony and becomes more 
diffuse internally. In preservative, one of the colonies 
(QM G308693) is a bright raspberry-colour externally and 
paler internally but the others are beige or cream-coloured. 
Similar variations in colour can be seen in the photographs 
of living colonies. The test is soft and translucent, but 
tough and fibrous and the posterior abdominal stolons 
cross one another in the basal or central test. Sand and 
other debris often are embedded in the base of the colony. 
Longitudinal thoracic muscles are strong, extending from 
the branchial siphon and from the vicinity of the endostyle 
to the posterior end of the thorax. When contracted, the 
dorsal muscles draw up the dorsal margin of the body 
and change the orientation of the thorax so that the 
conspicuous muscles from the endostyle to the posterior 
end of the thorax appear to be transverse. Thoraces are 
large and, although both the musculature and the branchial 
sac are obscured by contraction, about 20 or more stigmata 
can be detected in each of the four rows. The gut loop is 
long and narrow, the stomach smooth-walled and shield 
shaped, and a small ovary is in the centre of a tight mass 
of 20 or more tesis follicles in the posterior end of the gut 
loop. Newly recorded colonies from Ashmore Reef and 
Bynoe Harbour (collected in October and June, 
respectively) have a single large larva developing in each 
brood pouch. The tail extends to the anterior end of the 
larval trunk (1.6 mm long) where three sessile cup-shaped 
adhesive organs are radially arranged. The oozooid is in 
the postero-dorsal comer of the long trunk. Four rows of 
small circular stigmata puncture the larval pharynx and a 
short oesohagus, pear-shaped stomach and long straight 
rectum are in the oozooid. Fine transverse muscles can 
be detected in the thoracic wall of the oozooid but 
longitudinal muscles were not observed. An irregular mass 
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of yolk is in the anterior half of the trunk behind the three 
triradially arranged adhesive organs consisting of short 
adhesive cones in epidermal cups on long, cylindrical 
almost parallel stalks. Although only 12 perforations are 
in each half-row in the oozooid, at least twice that number 
are in the adult thorax. 

Remarks. Kott (2002) misinterpreted the muscles in 
this species, and, believing they were transversely 
orientated, used that character to distinguish a new species, 
Distaplia cuspidis. However, as in other species of this 
genus, the muscles of the thoracic wall are, in fact, 
longitudinal and oblique, albeit they may be more 
numerous than in other species. The species is 
distinguished by its soft fibrous test, irregular surface, long 
double row systems that look circular when the zooids 
are drawn in around the large common cloacal apertures, 
posterior abdominal stolons crossing one another in the 
basal test smooth stomachs, and gonads in the gut loop. 
Distaplia prolifera Kott, 1990, from north-western 
Australia, has a larger larva than the present species, but 
the anterior end of its trunk divides into three thick bulbous 
stalks, each with an adhesive organ on the tip and its 
gonads are in a sac posterior to the abdomen. 

Distaplia turboensis sp. nov. 

(Fig. 4B-D) 

Distaplia australiensis - Kott 1990: 113 (part, QM 
GH2158 only); Kott 2003: 1619. 

Distribution. Type locality : Northern Territory (Bynoe 
Harbour, Dawson Rock mud, 5-8 m, coll. H. Nguyen, 23 
May 2003, holotype NTM E321, paratype QM G308748). 
Previously recorded (see Kott 2003): Queensland 
(Calliope River, Gladstone; Moreton Bay). 

Description. Colonies are small (up to I cm diameter) 
sessile cone or turban-shaped heads attached to irregular 
branching basal stalks that are sometimes expanded into 
a membrane. Vertical double rows of zooids along the 
sides of the colony converge to one or two large, sessile 
terminal common cloacal apertures. Characteristic 
disapliid zooids have short six-lobed atrial openings and 
large assymetrical atrial apertures, each with an anterior 
lip opening into the long common cloacal canals. Fine 
longitudinal muscles are in the thoracic body wall and 
curve out into the atrial lip. Four rows of 14 stigmata 
per side, each row crossed by a fine parastigmatic vessel 
are in the branchial sac. A short stomach, about halfway 
down the abdomen, has about 24 fine parallel 
longitudinal ridges in its wall that end abruptly in a 
transverse line across the gut where it changes to a short 
thin-walled duodenal area, followed by a long, 
cylindrical intestine and rectum. A fine gastro-intestinal 
duct, from a point near the cardiac end of the stomach, 
extends posteriorly to a delicate rounded reservoir in the 
centre of the gut loop. The afferent duct from the 
posterior wall of the gastric reservoir breaks into terminal 
branches about two-thirds of the way down its length 


and these enter the intestine in the pole of the gut loop. 
The rectum occcupies the ascending limb of the gut loop 
and the bilabiate anal opening is next to the opening of 
the vas deferens just inside the posterior rim of the atrial 
opening. A long narrow brood pouch containing, end to 
end, two cigar-shaped embryos (the most advanced at 
the top of the pouch) is attached, by a long, straight duct, 
to the body wall just behind the atrial aperture. The 
compact posterior abdomen, containing a barrel-like 
cluster of five or six short, parallel testis follicles and a 
small five-egg ovary at its posterior end is constricted 
from the abdomen by a short neck. A fine vascular stolon 
from the side of the abdomen extends down into the 
centre of the colony. Larvae, in the newly recorded 
specimen collected in May, have three triradially 
arranged adhesive organs on thick balloon-like stalks, a 
relatively short tail reaching only about half the way 
along the ventral surface of the long, narrow 1.5 mm 
trunk, well formed adult organs, a mass of yolk and 
spherical vesicles in the larval test. 



Fig. 4. Distaplia racemosa (QMG308686): A. larva. Distaplia 
turboensis sp. nov. (QM G308748 paratype): I?, colony; C, zooid; 
D, larva. Polyclinum tsutsuii (NTM E273): E, thorax; F. larva. 
Scale bars: A, E. F. 0.1 mm; 15, 1.0 cm; C, I), 0.2 mm. 


45 








P. Kott 


Remarks. Distaplia australiensis is known principally 
from southern Australia, although Kott (1990, 2003) had 
assigned specimens from central and southern Queensland 
respectively, to it. Like the newly recorded Northern 
Territory material, these specimens differ from the 
temperate species in having about twice the number of 
stomach folds, 14 stigmata per half row (rather than about 
20) and smaller less regular colonies with sessile heads 
attached to irregular branching stalks or flattened basal 
membranes (rather than the long, narrow cylindrical stalks 
and rounded heads of D. australiensis). 

The species name relates to the top-shaped colony 
(turbo, n.= a top). 

Family Folyclinidae 

Polyclinum glabrum Sluiter 1895 

Polyclimim glabrum Sluiter. 1895: 168. - Kott 2001: 
448 and synonymy. 

Distribution: Previously recorded (see Kott 
2001):NW Australia (Montebello Islands), NE Australia 
(Capricorn Group). Indonesia. New record : Northern 
Territory (Darwin, QM G308664). 

Description. The newly recorded colony is soft and 
irregular in preservative, but the in situ photograph shows 
it to have been translucent, pale blue grey with the upper 
surface raised into sessile, rounded or conical 
prominences with zooids along each side of canals 
converging to the terminal common cloacal apertures. 
Zooids have a long forked atrial tongue from the body 
wall just anterior to the opening and a small papillum 
behind the opening. Fourteen rows of stigmata are 
separated from one another by transverse bars with 
conspicuous branchial papillae. Gonads are in an almost 
spherical posterior abdomen constricted off from the 
abdomen by a short neck. 

Remarks. The rather regular systems, with 
longitudinal common cloacal canals converging to the 
terminal common cloacal apertures, are obscure when the 
soft colonies are fixed and collapsed and are seen only in 
the photograph of the living specimen. 

Polyclimim psammifermn Hartmeyer, 1911 

Polyclinum psammiferum Hartmeyer. 1911: 1461 
(nom. now for P. sabulosum Sluiter, 1900: 96). - Kott 
1998: 124 and synonymy: F. and C. Monniol 2001: 223. 

Distribution. Previously recorded (see Kott 1990; F. 
and C. Monniot 2001): Queensland (Moreton Bay, Hervey 
Bay, Capricorn Group), Palau Islands. Indonesia. New 
record : Northern Territory (Bynoe Harbour. QM G308688). 

Description. In preservative, the colony is a soft, 
shapeless cushion with a single layer of sand adhering to 
parts of the creased and folded upper surface and to the 
under surface. The living specimen appears to be 
hemispherical with the upper surface raised into low 
rounded swellings. The internal test is soft and translucent 
without any included sand and the zooids are crowded 


together vertical to the surface. At the anterior end of the 
long thorax the branchial aperture, surrounded by six 
pointed lobes, is on a short siphon. A long, narrow atrial 
tongue projects from the antero-dorsal aspect of the thorax, 
distant from the anteriorly directed excurrent opening on 
a short, narrow atrial siphon. A small atrial papilla is 
posterior to the atrial siphon in the mid-dorsal line. 
Branchial tentacles are crowded and especially long. 
Stigmata are in 12-14 rows, about 12 per row. Only five 
narrow bands of muscle extend down each side of the 
thorax. Fine transverse muscles are in the transverse 
interstigmatal vessels, but branchial papillae are not 
present on these vessels. The abdomen and the gut loop 
are relatively short and the distal part of the gut loop is 
twisted as is usual in this genus. The stomach is spherical 
and smooth-walled. The gonads are in a relatively long, 
spindle-shaped posterior abdomen connected to the 
abdomen by a short, narrow constriction. A number of 
eggs in a small ovary are embedded about two-thirds of 
the distance down the long cluster of about 24 male 
follicles. Fertilisation appears to take place in the thoracic 
part of the oviduct and a brood pouch is not present. In 
the newly recorded specimen, collected in March, about 
four embryos and larvae (the larval trunk 0.42 mm long) 
are in a developmental sequence in the oviduct as it moves 
up the posterior half of the thorax. Five long median 
ampullae each with a shorter lateral ampulla on each side 
of its base alternate with the three antero-median adhesive 
organs. A clump of epidermal vesicles separates from a 
postero-ventral stalk and a clump of antero-dorsal vesicles 
branches from a similar stalk that projects back from the 
branchial aperture of the zooids. Three calcium oxalate 
crystals are on the side of the thorax of the oozooid. 

Remarks. Most characters of the newly recorded 
specimen have been described previously for this species. 
Exceptions are the number of stigmata, which F. and C. 
Monniot (2001) found to be 22 per row, although Kott 
(1992) found about 12 per half row. Also, Kott (1992) 
found the ovary anterior to the testis follicle while F. and 
C. Monniot (2001) found the eggs dispersed along the 
whole length of the testis. Larvae are like those of the 
temperate Australian P. marsupiale Kott, 1963 (although 
the latter species does have a brood pouch) and 
P. saturnium Savigny. 1816. Both these latter species have 
conspicuous branchial papillae that distinguish them from 
the present one. Characteristics of the present species are 
the soft colonies lacking internal sand, fine muscle bands, 
absence of a brood pouch and lack of branchial papillae, 
a spindle-shaped posterior abdominal sac and small larvae 
with lateral and median larval ampullae. 

F. and C. Monnniot (2001) refer to the calcium oxalate 
crystal as always present in this genus. One to three of 
these crystals have been observed in many of the known 
species. They appear to be in the larval test, often (though 
not always) on each side of the thorax. There is no known 
explanation for their presence. 
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Polyclinum saturnium Savigny, 1816 

Polyclinum saturnium Savigny, 1816: 190. - Kott 
1992: 455 and synonymy. 

Distribution. Previously recorded (see Kott 1992): 
Western Australia (Dongara), Queensland (Heron Island), 
Suez, Red Sea, Philippines. New record : Northern 
Territory (Darwin) NTM E230. 

Description. The newly recorded colony is a soft, flat- 
topped cushion with patches of sand adhering to the 
surface test but no sand in the soft internal test and with 
the under surface on barnacles and pebbles. Zooids, 
arranged in circular systems, are large, with a broad atrial 
lip from the body wall anterior to, and well separated from, 
the circular atrial opening. Fine longitudinal muscles are 
in the atrial lip and in the body wall. The atrial lip extends 
through the thin layer of test forming the roof of the 
common cloacal cavity and its tip is associated with the 
rim of the common cloacal opening in the centre of the 
common cloacal cavity. Zooids adhere to the test and are 
almost impossible to separate from it. Stigmata are in 10 
rows of about 14 per half row and the same number of 
flat, rounded papillae are on the transverse interstigmatal 
vessels between the rows of stigmata. 

Remarks. The species is distinguished by its soft, 
cushion-like colonies without sand in the internal test, 
circular systems, a broad atrial lip well separated from 
the excurrent aperture, the presence of branchial papillae 
on the transverse vessels and the absence of a brood pouch. 

Polyclinum tsutsuii Tokioka, 1954 

(Fig. 4E, F) 

Polyclinum tsutsuii Tokioka, 1954: 240. - Kott 1967: 
47; Kott 1992: 463. 

Polyclinum vasculosum - Tokioka 1967: 51 (part, 
specimens from Marianas Islands). 

Polyclinum pule C. and F. Monniot, 1987: 84. - F. 
and C. Monniot 1996: 144; Monniot 1987: 514. 

Polyclinum corbis Kott, 2003: 1626. 

Distribution. Previously recorded (see Kott 1992, 
2003): Western Australia (Cervantes); Queensland (Heron 
Island), French Polynesia, New Caledonia, Marianas 
Islands, Kiribati, Palau Islands, Philippines, Tokhara 
Islands. New record'. Ashmore Reef, NTM E273. 

Description. The newly recorded colony is a fleshy slab 
about 5 cm in maximum dimension, with rounded margins. 
Preserved, it is a greenish-black colour with black zooids 
arranged in circular systems. Black particles in the test 
obscure the zooids and larvae and zooids have black 
particles in the body wall, especially in a velum at the base 
of the branchial siphon. Sometimes the branchial velum is 
raised in an outward projecting cone with a small terminal 
aperture that appears to occlude the incurrent opening. The 
branchial lobes are long and pointed. The atrial aperture is 
a small opening. A large anterior atrial lip sometimes 
appears to arise from the anterior rim of the opening but 
this is only apparent as its origin is from the body wall just 


anterior to the opening. Its distal tip is a straight transverse 
edge with a fringe of thin, parallel finger-like papillae. The 
thorax has fine longitudinal muscles. In the branchial sac 
14 rows of stigmata have 22 stigmata per row in the centre 
of the sac. Flat rounded papillae, about two to each three 
stigmata are on the transverse membranes between the rows 
of stigmata. Fine transverse muscles are also in the 
transverse membranes. The gut loop is as previously 
described and the small bilabiate anal opening and the vas 
deferens open together at the level of the sixth row of 
stigmata. Gonads are in a sac posterior to the abdomen. 
The eggs appear to be fertilised in a U-shaped loop of the 
oviduct which projects out from the body about halfway 
up the dorsal margin of the thorax opposite the sixth or 
seventh row of stigmata. The distal end of the oviduct, 
beyond this U-shaped loop, contains the most advanced 
embryos in the developmental sequence of about 10 and 
continues anteriorly in the body wall, projecting anteriorly 
into the atrial cavity. A small aperture on the side of the 
distal part of the oviduct opens into the atrial cavity adjacent 
to the anal and vas deferens openings. The least developed 
embryos are in the descending limb of the oviducal loop in 
the projecting part of the brood pouch. The larvae have 
four lateral ectodermal ampullae along each side of the three 
antero-median adhesive organs. Antero-dorsal and postero 
ventral clumps of vesicles are present as usual in this genus. 

Remarks. The brood pouch in this species is the 
projecting U-shaped bend in a relatively small part of the 
thoracic part of the oviduct and it contains only relatively 
immature embryos, which continue their development 
distal to the brood pouch before release into the atrial 
cavity. The brood pouch is neither pedunculate nor 
constricted off from the thorax as C. and F. Monniot 
(1987), F. and C. Monniot (1996) and Monniot (1987) 
imply in their descriptions of Polyclinum pute C. and F. 
Monniot, 1987. 

Kott (1992, 2003) accepted the interpretation (F. and 
C. Monniot 1996) that embryos were present in the atrial 
cavity (rather than in a brood pouch) of zooids of P tsutsui 
Tokioka, 1954 (and 1967) (from the Tokhara and Palau 
Islands respectively). Polyclinum corbis Kott, 2003 was 
erected to accommodate those specimens (from Heron 
Island and Cervantes) that did have a brood pouch. 
However, this synthesis cannot be reconciled with 
Tokioka’s statement that he found an ‘incubatory pouch 
at the level of the seventh stigmatal row’ (Tokioka 1967: 
49) in specimens he had assigned to P. tsutsui from Kiribati 
and the Palau Islands. This statement may have been 
overlooked by F. and C. Monniot (1996: 145) when they 
declared that they could find no ‘protruding or pedunculate 
incubatory pouch' in Tokioka’s (1967) specimens; nor did 
they find any larvae, although Tokioka (1967) had 
described one from the Palau Islands (Tokioka, 1967: 49 
and fig. 14g). In fact, specimens from the Palau Islands 
assigned to P. tsutsuii by Tokioka (1967) and to P. pute 
by F. and C. Monniot (1996) appear to be conspecific, 
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both having the characters found in other specimens 
assigned to this species in the synonymy above, viz four 
pairs of larval lateral ampullae as well as median ampullae, 
a fringed tip on the atrial lip which projects from the body 
wall just anterior to the atrial aperture, few and fine 
longitudinal thoracic muscles, about 14 rows of stigmata 
and 22 stigmata per row and a brood pouch consisting of 
a loop of the thoracic part of the oviduct projecting from 
the thorax at the level of the seventh row of stigmata. 

Specimens from Cervantes (Western Australia) 
assigned to this species (Kott 1992) have median larval 
ampullae alternating with the adhesive organs as well as 
four pairs of lateral ampullae and appear to be conspecific 
with the present species. 

The structure of the projecting brood pouch in other 
species in this genus has not yet been determined. 

Aplidium clivosum Kott, 1992 

Aplidium clivosum Kott, 1992: 530 and synonymy. 

Distribution. Previously recorded (see Kott 1992): 
Western Australia (Port Hedland, Montebello Islands, 
Cockburn Sound, Geographe Bay, Hamelin Bay), South 
Australia (Great Australian Bight, Spencer Gulf, Gulf St. 
Vincent, Kangaroo Island, Flinders Island), New South 
Wales (Jervis Bay), Queensland (Heron Island). New 
record: Ashmore Reef, NTM E269. 

Description. The newly recorded colony is a regular 
inverted cone, flat on the upper surface and reducing in 
diameter toward the base. The upper margin of the upper 
surface is a rounded ridge raised above the central area 
where double rows of zooids converge to the central 
sessile common cloacal opening. Sand is thick in the outer 
layer of test around the outside of the colony but less sand 
is present internally and on the upper surface where the 
zooids open. Zooids are long and muscular. A narrow atrial 
lip extends from the body wall anterior to a short atrial 
siphon. Five folds are on the wall of the small stomach 
halfway down the abdomen and the gonads are in the long, 
threadlike posterior abdomen. 

Remarks. The species occurs commonly around the 
Australian coast, and the present record is the most 
northerly location known. The large, robust colony is 
distinctive and zooids are uniform and display very little 
intraspecific variation. 

Aplidium ritteri (Sluiter, 1895) 

Amaroucium ritteri Sluiter, 1895: 10. 

Aplidium ritteri - Kott 1992: 580 and synonymy. 

Distribution. Previously recorded (see Kott 1992): 
Queensland (Capricorn Group); Torres Strait, Palau 
Islands, New Caledonia, Truk, Ponape, Indonesia. New 
record: Northern Territory (Lee Point, QM G308731). 

Description. The colony forms what apears to be an 
upright lamella. Zooids are arranged in long double row 
with randomly placed large common cloacal apertures 
amongst them and sand embedded in the test between the 
rows of zooids. Large variably-sized spherical vesicles 


that may be chlorophytes are in the test around the zooids. 
Zooids are narrow, with a short atrial lip from the upper 
rim of the aperture, 10-12 rows of about six stigmata in a 
half row and five stomach folds. A small ovary is at the 
anterior end of the short posterior abdomen of which the 
tip is stretched across between the tips of the two bands 
of longitudinal muscle. Three embryos, one a tailed larva, 
are in the posterior end of the atrial cavity. Larvae are 
small, the trunk 0.6 mm long, with three antero-median 
adhesive organs alternating with small conical median 
ampullae and obscured by epidermal vesicle from a pair 
of ridges, one along each side of the median line. 

Remarks. The newly recorded specimen resembles 
those previously described (see Kott 1992). Aplidium 
caelestis is superficially similar to the present species, 
but its atrial tongue arises from the body wall well anterior 
to the opening. 

Family Didemnidae 
Leptoclinides aciculus Kott, 2001 
(Fig. 20A) 

Leptoclinides aciculus Kott, 2001: 37. 

Not Leptoclinides aciculus - Kott 2002: 29 < 
Leptoclinides cuspidatus (Sluiter, 1909). Leptoclinides 
aciculus -Kott 2004b: 2467 < L. constellatus Kott, 2001. 

Not Leptoclinides nuidara - F. and C Monniot 2001: 
288 < Leptoclinides cuspidatus (Sluiter, 1909). 

Distribution. Previously recorded (see Kott 2001): 
NW Australia (Port Hedland); Queensland (Whitsunday 
Islands). New record: Ashmore Reef, WAM 129.90. 

Description. The newly recorded specimen is a robust 
encrusting colony with dark pigment in finely branched 
pigment cells throughout, but especially crowded in 
streaks giving a black-grey marbled appearance to the 
surface of the preserved colony. Large, stellate spicules 
are in a crowded layer at the surface, making it raspy to 
the touch. A thinner, less crowded layer of spicules is on 
the base of the colony, but spicules are sparse elsewhere. 
Zooids are along each side of deep primary common 
cloacal canals, their position indicated on the surface by 
the small patch of spicules in the siphon lining. Sometimes 
pigment cells appear to be especially crowded in the test 
over the common cloacal canals. Conspicuous common 
cloacal apertures, at the junction of some of the primary 
canals, are elevated and have black rims owing to the 
absence of spicules. Spicules, up to 0.108 mm diameter, 
are stellate with nine to 11 well-spaced, conical rays in 
optical transverse section, and they have pointed or chisel 
shaped tips. Zooids are relatively small, with the abdomen 
folded up against the postero-ventral part of the thorax. 
About five male follicles are surrounded by seven coils 
of the vas deferens. 

Remarks. The raspy colony surface with large stellate 
spicules in a superficial layer and a thinner, sparser layer 
on the base of the colony, together with the strong, well¬ 
spaced spicule rays with pointed or chisel-shaped tips and 
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the circular common cloacal canals, help to distinguish 
this species. However, not one of these characters is 
unique, and the species is difficult to identify. Although 
the size, form and distribution of spicules and the form of 
the colonies of L. aciculus Kott, 2002, from Darwin 
Harbour, resemble the present species, they have more 
spicule rays and appear to be specimens of L. cuspidatus 
(Sluiter, 1909). The latter species has a similar raspy 
surface, similar distribution of spicules and pigment cells, 
the larval trunk is 0.7-0.75 mm long and has the same 
lateral ampullae (see L. cuspidatus : Kott 2001 and its 
proposed synonym L. madara : F. and C. Monniot 2001). 
The spicules of L. cuspidatus are larger (to 0.125 mm 
diameter) and have more spicule rays than the present 
species, the zooids are larger and the gut loop is vertical 
rather than bent up against the postero-ventral part of the 
thorax. The specimen from Darwin assigned to L. aciculus 
by Kott (2004b) does not appear to be conspecific with 
either the present species or L. cuspidatus. It appears to 
be a specimen of L. constellatus having smaller spicules 
than either L. aciculus or L. cuspidatus and having a thin 
superficial aspiculate layer of test. 

Leptoclinides tuberculatus Kott, 2004 has a similar 
raspy surface and spicule distribution to the present 
species, but the spicules are smaller (maximum size 0.08 
mm diameter) and they have more numerous rays. 

Leptoclinides brandi Kott, 2001 

(Fig. 5A) 

Leptoclinides brandi Kott, 2001: 40 and synonymy. - 
Kott 2004b: 2468. 

Distribution. Previously recorded (see Kott 2002): 
Great Barrier Reef (Capricorn Group); Northern Territory 
(Darwin). New records: Northern Territory (Darwin, QM 
G308685; Bynoe Harbour, QM G308705, G398740, 
G308750). 

Description. The newly recorded colonies, white in 
preservative, consist of one or more rounded lobes, each 
with a large terminal common cloacal aperture. The 
spicules are crowded in a single layer at the surface but 
are sparse internally. The branchial siphon is relatively 
short and but conspicuous and tulip-shaped. The atrial 
siphon, from the posterior part of the dorsal mid-line, is 
moderately long and cylindrical and is laterally directed. 
The branchial tentacles are numerous and especially 
long, projecting about halfway down the pharynx. The 
stigmata are characteristically spindle-shaped, pointed 
at each end. A small circular lateral organ is on each 
side of the posterior end of the thorax near the base of 
the atrial siphon. Five coils of the vas deferens surround 
five to seven testis follicles. 

Remarks. Previously overlooked in this species are 
the exceptionally long branchial tentacles, the small 
thoracic lateral organs and the laterally oriented tubular 
atrial siphon which, with the long pointed rays of the 
spicules, spicule distribution, the spindle-shaped 


stigmata and the thoracic brood pouch (not present in 
newly recorded specimens) are all characteristic. The 
distribution of the spicules in this species resembles that 
in L. dubius (Sluiter, 1909). These species are 
distinguished from one another by the shape of the 
spicules and the stigmata, the presence of five coils of 
the vas deferens (rather than the one and a half coils in 
L. dubius) and tubular atrial siphon in the present species 
and the double gut loop and false siphon in L. dubius. 
Similar colonies (rounded swellings with terminal 
common cloacal openings) occur also in L. Sulawesi 
F. and C. Monniot, 1996, L. cuspidatus (Sluiter, 1909), 
L. imperfectus (Kott, 1962) and L. compactus Kott, 2001. 
All these species have more vas deferens coils than the 
present one and have differences in their spicules and 
their distribution (see Kott 2001). 

Leptoclinides constellatus Kott, 2001 
(Fig. 5B) 

Leptoclinides constellatus Kott, 2001: 51. 

Not Leptoclinides constellatus - Kott 2004b: 2469. 

Leptoclinides aciculus - Kott 2004b: 2467. 

Distribution. Previously recorded (see Kott 2004b): 
Queensland (Whitsunday Islands); Northern Territory 
(Darwin). New records: Northern Territory (Darwin, QM 
G308684; Bynoe Harbour, G308594). 

Description. In life the newly recorded specimens are 
brown over the common cloacal canals that surround 
lighter beige-coloured zooid-free areas. In preservative, 
streaks of spherical to irregular pigment cell are mixed 
with spicules and bladder cells in the thin surface layer of 
test. The spicules sometimes are patchy in the surface or 
they are evenly spaced or crow ded into an opaque layer. 
They are in a thin layer on the base of the colony and line 
the common cloacal cavity, including its posterior 
abdominal component. They become sparse around the 
zooids and usually are sparse or absent from the basal 
part of the colony. The spicules have nine to 11 conical or 
sharply chisel-shaped rays in optical transverse section 
and are up to 0.0625 mm in diameter. The common cloacal 
cavity is posterior abdominal. Branchial siphons project 
through the bladder cell layer and the openings often are 
stellate, their margins lined with spicules. Zooids are 
relatively small with narrow, cylindrical branchial siphons 
and seven coils of the vas deferens around about five testis 
follicles. Larvae are present in the basal test of specimens 
(QM G308594) collected in June. The larval trunk is 
0.6 mm long and has two pairs of lateral ectodermal 
ampullae and a dorsal and a ventral ampulla. The tail is 
wound two-thirds of the way around the trunk. 

Remarks. The species is identified principally by its 
relatively small spicules and their distribution, the form 
of the cloacal systems and the presence of a surface 
spicule-free layer of test. It differs from other species 
with similar cloacal systems by its beige-brown colour. 
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Leptoclinides aciculus Kott, 2001 also has zooids along 
each side of circular canals, but it has some larger 
spicules. Although the spicules reported for 
L. constellatus Kott, 2004b are the same size as the 
present species, the shape of the spicules is the same as 
those of L. rigidus, as is the grey-blue colour of the living 
colonies. 

Leptoclinides echinus Kott, 2001 

Leptoclinides echinus Kott, 2001: 59. 

Leptoclinides levitatus - Kott 2004b: 2471. 

Distribution. Previously recorded (see Kott 2001: 
2004b): Western Australia (Dampier Archipelago, Port 
Hedland); Northern Territory (Darwin). New record : 
Northern Territory (Bynoe Harbour. QM G308724). 

Remarks. The newly recorded specimen is similar to 
those previously described. The species was misidentified 
as L. levitatus (see Kott 2004b) but the present species 
lacks the smaller almost globular spicules characteristic 
of L. levitatus. The attenuated tips on the conical rays of 
the stellate spicules are similar in both species. 

Polysyncraton alinguuin sp. nov. 

(Figs 5C-E; 20B) 

Distribution. Type locality: Northern Territory, 
Darwin Harbour, Mandorah jetty pylons, 5-8 m, coll. 
B. Glasby and party, 5 September 2003, holotype NTM 
E311, paratypes NTM E310. 

Description. Colonies are soft, with the upper surface 
elevated into rounded swellings or lobes with terminal 
common cloacal apertures. The surface test contains a 
single thin layer of evenly distributed spicules forming a 
sort of veil over the surface that is interrupted by evenly 
distributed stellate branchial apertures. The lobes of the 
branchial openings are filled with, rather than outlined 
in, spicules. Spicules are only sparse in the remainder of 
the colony. The common cloacal cavity is a vast horizontal 
space crossed by clumps of zooids, their abdomina 
embedded but the thoraces separate from one another, 
attached to the basal layer of test or to another basal 
connective by a thin test ligament. These clumps of zooids 
are effectively suspended in the common cloacal cavity 
in their sling of test between surface and basal test. The 
thin, narrow ventral thoracic strips of test arc attached to 
the surface beside each branchial aperture. In each colony 
lobe, the upper part of the common cloacal cavity is a 
vast uninterrupted space, the clumps of zooids anchored 
either directly to the basal test or to intermediate 
connecting strands of test. Spicules are stellate with nine 
to 11 conical pointed rays to 0.04 mm diameter. Rare but 
sparse giant spicules with a similar structure to the smaller 
ones, but up to 0.05 mm diameter, are evenly distributed. 

Zooids are relatively small, with a short branchial 
aperture, although the thorax is large, rectangular and not 
very muscular. The atrial aperture is large, exposing most 
of the branchial sac directly to the common cloacal canal. 


Only few of the zooids have a short bifid atrial lip from 
the upper border of the opening. Most of the zooids have 
a plain curved anterior atrial rim, without a projecting 
lip. Ten rectangular stigmata are in the anterior row and 
eight are in the last row. The oesophageal neck is relatively 
short. A retractor muscle was not detected. Four coils of 
the vas deferens surround a circle of four or five testis 
follicles. 

Remarks. Colonies of this species resemble some ot 
those of the temperate species Polysyncraton rica Kott, 
2001 (see Kott 2001: QM GH2387, pi. 6d, erroneously 
assigned to P. pedunculatum Kott, 2001). The superficial 
aspiculate layer so conspicuous in the deck photograph 
of a contracted colony of P rica (see Kott 2001: pi. 6g), 
is not present in the present species, and the sub-surface 
spicule layer of P. rica is thicker than the one in the present 
species. Furthermore. P. rica has a central test core (that, 
in the present species, appears to be represented by strands 
of test), its atrial lip is usually conspicuous and its spicules 
are larger and less regularly stellate than in the present 
species. 

In their large open, common cloacal cavities, and their 
rectangular thoraces, colonies of this species resemble 



Fig. 5. Leptoclinides hrandi (QM G308740): A, thorax. 
Leptoclinides constellatus (QM G308594): B, larva. Polysyncraton 
alinguuin sp. nov. (NTM E310 holotype): C, colony: D. thorax; E. 
abdomen. Polysyncraton ar\'um sp. nov. (NTM E289 holotype): 
F, zooid. Scale bars, A. B, D-F, 0.1 mm. C. 5.0 mm. 
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some Lissoclinum spp., although the coiled vas deferens 
readily distinguishes them. As well as P. rica, P. jugosum 
Herdman and Riddell. 1913 and P. pedunculatum Kott, 
2001 have similar common cloacal systems. Also, like 
the present species, they have four coils of the vas 
deferens, long retractor muscles and both are known only 
from temperate locations. However, P pedunculatum is 
aspiculate and, although P. jugosum has a similar spicule 
distribution to the present species, the spicules are larger 
and have fewer spicule rays than the present species. 

The species name is derived from the absence of an 
atrial lip from many of the zooids (lingua, n.=a tongue¬ 
shaped body). 

Polysyncraton arvum sp. nov. 

(Figs 5F; 20C; 22D) 

Distribution. Type locality: Ashmore Reef, eastern side 
of entrance to West Lagoon 3-5 m, coll. K. Gowlett- 
Holmes, 10 October 2002. holotype NTM E289. 

Description. The holotype is a firm, fleshy sheet which, 
viewed from the surface, appears as a mosaic of regular, 
spicule-filled slight elevations separated by narrow shallow 
depressions over the circular common cloacal canals which 
are lined on each side by zooids. A conspicuous, spicule- 
free superficial bladder cell layer contains some particles 
of brown pigment that are especially crowded in the 
depressions over the common cloacal canals. Common 
cloacal canals are deep, extending the full depth of the 
zooid. Spieules are crowded in a continuous thin layer (that 
includes the roofs of the common cloacal canals) beneath 
the superficial bladder cell layer, at branchial siphon level 
where they are concealed beneath crowded pigment 
particles. Spicules are not present in other parts of the 
colony. They are robust and stellate, to 0.09 mm diameter, 
with 11-17 short crowded conical rays in optical transverse 
section. Sometimes the rays are irregular and appear to be 
subdividing. 

Zooids have a long trumpet-shaped branchial siphon 
with a basal constriction separating it from the anterior 
end of the remainder of the thorax. The atrial aperture is 
a large sessile opening with a bifid tongue of various sizes, 
often with its two branches of different lengths. The thorax 
is large with delicate longitudinal muscles that join a long, 
fine retractor muscle that extends from the top of the 
relatively long oesophageal neck, but is not readily 
detected. Several oesophageal buds are present. Ten 
stigmata are in the anterior row on one side of the branchial 
sac. The gut loop is vertical, with a barrel shaped clump 
of about ten unusally short testis follicles around which 
the vas deferens makes three turns. The vasa efferentia 
are longer than usual, compensating for the short male 
follicles. The larva is not known. 

Remarks. The present species appears to be new, and 
although the form of its spicules and common cloacal 
systems resemble some others in this genus, it is 
characterised by its unusual, and relatively numerous, 


short testis follicles, few coils of the vas deferens, long 
branchial siphon and particularly large spicules in a thin 
layer at branchial siphon level. Other species with similar 
common cloacal systems, spicule shape and numbers of 
male follicles are the tropical Polysyncraton purou C. and 
F. Monniot, 1987 (which has smaller spicules and often 
is aspiculate), and the temperate P. palliolum Kott, 2001 
(with smaller spicules distributed throughout the colony 
and more vas deferens coils) and P. robustum Kott, 2001 
(which, although it sometimes is aspiculate, generally has, 
like the present species, spicules in a layer beneath the 
superficial bladder cell layer, although they are smaller 
than the spicules of the present species). 

The species is named for the appearance of its colony 
surface which is broken up into a mosaic of fields (arvus, 
-a, -um=ploughed). 

Polysyncraton niveum sp. nov. 

(Figs 6A-D; 20D; 22E, F) 

Distribution. Type locality: Ashmore Reef, West 
Lagoon, reef at start of inner channel 3-6 m, coll. 
K. Gowlett-Holmes, 30 September 2002, holotype NTM 
E233; inner West Lagoon 3-6 m, coll. K. Gowlett-Holmes, 
2 October 2002; paratype NTM E258. Further record: 
Northern Territory (Darwin, QM G308738). 

Description. Colonies are firm, fleshy encrusting slabs. 
Part of the margin of the holotype is growing around onto 
its basal surface making the colony partially double-sided. 
The most conspicuous aspect of these colonies are the large 
(to about 2 cm maximum dimension) thin, white slightly 
irregular patches or flakes in the surface test made up of a 
single layer of crowded spicules beneath a superficial layer 
of bladder cells. They are separated from each other by 
spicule-free strips of gelatinous test over the deep (the full 
zooid depth) primary common cloacal canals. The spicule- 
free test over the common cloacal canals, through which 
zooids can be seen, contains black pigment particles. The 
white flakes have frayed and serrated edges where spicules 
line the branchial openings of the zooids along each side 
of the cloacal canals). Large circular common cloacal 
chambers at the junctions of some of the primary common 
cloacal canals are roofed over by a particularly thin, 
transparent layer of surface test with a relatively small 
sessile common cloacal opening in the centre. When 
pressure is applied to the preserved colony this roof of the 
common cloacal chamber is elevated into a low dome with 
the common cloacal aperture in the centre of the dome. 
Spicules are confined to the patches in the surface and and 
are not found in other parts of the colony. They are spherical, 
burr-like, to 0.07 mm diameter, with 17-19 separate but 
crowded, rounded or flat-tipped rod- or club-shaped rays 
in optical transverse section. 

Zooids are small, with a relatively short oesophageal 
neck and a short branchial siphon but with a long, bifid 
atrial lip. the branches often very different lengths. A short 
retractor muscle extends from the top of the oesophageal 
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Fig. 6. Polysyncraton niveum sp. nov. (NTM E233 holotype): 
A, colony surface; 15, thorax; C, abdomen; D, larva. Scale bars, 
A, 1.0 mm: B-D. 0.1 mm. 

neck. Five or six testis follicles surrounded by three coils 
of the vas deferens are behind the zooid (against the 
dorsum of the ventrally flexed gut loop). The outside coil 
of the vas deferens loops around the large, yellowish egg, 
tending to constrict it off from the body wall. Larvae are 
in the basal test of the holotype colony. The larval trunk 
is 0.8 mm long and the tail is wound halfway around it. 
Eight ectodermal ampullae are each side of the three 
antero-median adhesive organs. A thoracic bud is on the 
right side of the larval oesophageal neck and two 
abdominal buds are on the left side. 

Remarks. Superficially these colonies resemble 
P. meandratum C. and F. Monniot, 1987, with spicule- 
free areas around the common cloacal apertures and 
similar spicules. However, P. meandratum has pigmented 
zooids, a common cloacal aperture in the centre of a group 
of zooids (rather than at the junctions of canals), some of 
the globular spicules have slightly projecting pointed or 
chisel-shaped rays, spicules are smaller (never more than 
0.05 mm diameter), the spicule layer is continuous over 
the roof of the common cloacal cavity, the vas deferens 
has only three coils and the larval trunk is half the size of 
the present species. Polysyncraton dromide Kott, 2001 
(also Kott 2002) has similar colony and spicules but the 
spicules are smaller and are present over the common 
cloacal canals and often are absent from the zooid-free 
areas surrounded by them and the larvae are larger with 
more ectodermal ampullae. The newly described P. arvum 
has a colony superficially similar to the present one but 
its thin layer of spicules beneath the bladder cell layer is 
continuous over the common cloacal canals, its spicules 


are stellate with conical rays, it has more testis follicles 
of a different shape and only two vas deferens coils. 
Polysyncraton adelon F. and C. Monniot, 2001 has similar 
but smaller spicules crowded throughout the colony. 

The thin, frayed patches of spicules beneath the 
superficial bladder cell layer appear to be unique to the 
present species and are the basis for its species name 
(niveus, -a, -um=snowy). 

Didemnum albopunctatum Sluiter, 1909 

(Figs 7A, B; 22G) 

Didemnum albopunctatum Sluiter, 1909: 58. - Kott 
2001: 148 and synonymy; Kott 2004a: 747; Kott 2004b: 
2488. 

Distribution. Previously recorded (see Kott 2001; 
2004b):Western Australia (Rowley Shoals); Queensland 
(Great Barrier Reef): Indonesia; Fiji: New Caledonia; Palau 
Islands. New records: Ashmore Reef, NTM E236 E249; 
Western Australia (Houtman’s Abrolhos, WAM 205.88); 
Indian Ocean (Cocos Keeling Islands, WAM 568.89). 

Description. Colonies are hard encrusting light grey 
sheets crowded with small (less than 0.03 mm diameter) 
globular, bun-like spicules. Zooids of both newly recorded 
specimens from Ashmore Reef are a greenish-black colour 
that obscures their structure. Minute black pigment cells 
are mixed with the spicules in the surface test and in the 
upper half of the colony. Zooids have a large open atrial 
aperture, a long, straight retractor muscle projecting from 
halfway down the oesophageal neck and eight stigmata 



Fig. 7. Didemnum albopunctatum (NTM E249): A, thorax; 
B, abdomen, ventro-lateral (left) view. Scale bars, 0.1 mm. 
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in the anterior row and six in the posterior row of the 
branchial sac. Gonads were not detected in the newly 
recorded material. 

Remarks. The characteristically small, globular, burr¬ 
like spicules of this species are unusual in the genus 
Didemnum. The new records are the first from north¬ 
western Australia for the species. 

Didemnum ciratore sp. nov 

(Figs 8A, B; 20E, F; 22H) 

Distribution. Type locality: Ashmore Reef, inner West 
Lagoon, 3-6 m, coll. K. Gowlett-Holmes, 2 October 2002, 
holotype NTM E256. 

Description. The holotype is a thin, irregular scrap of 
a colony with a thin, transparent surface layer of test 
containing sparse spicules mixed with what appear to be 
plant cells, some single and others aggregated into 
spherical morulae. Spicules of a wide size range (to 0.97 
mm diameter) are stellate to burr-shaped with 11-13 
conical or rod-like to club-shaped rays in optical transverse 
section. The plant cells are spherical and translucent from 
about 0.01 mm or less to 0.085 mm diameter. Cells of a 
wide size range are aggregated into the morulae. Common 
cloacal cavities are extensive, isolating clumps of zooids 
embedded in the basal test from one another. A single 
layer of the spherical plant cells adheres around the thorax 
of each zooid. 

Zooids are characteristic of Didemnum with a short 
branchial siphon divided into six lobes around the rim of 
the aperture. About six stigmata are in the anterior row 
on one side of the body. The gut forms a vertical loop. 
Oesophageal buds are present but gonads were not 
detected in the holotype. 

Remarks. The species is distinguished by the sparse 
layer of spicules confined to the surface of the colony, 
and their form and wide size range. The spherical plant 
cells in the surface test, some single but others in 
aggregates and some forming a layer around the zooids, 
also are unique and. if found to be in obligate association 
with this species, a character that could be used for 
diagnostic purposes. 

Known species in this genus in obligate association 
with embedded plant-cell symbionts are D. etiolum Kott, 
1982, D. herba Kott, 2001, D. verdantum Kott, 2001 and 
D. viride (Herdman, 1906), which all have spicules with 
no more than nine rays in optical transverse section; 
D.guttatum F. and C. Monniot, 1996 which has large 
crowded spicules with 9 to 11 rays in optical transverse 
section; D. poecilomorpha F. and C. Monniot, 1996; and 
D. flavoviride Monniot, 1995 which has small burr-like 
spicules to 0.03 mm diameter, although, like the present 
species, its spicules are confined to the upper part of the 
colony. 

The species is named for its plant cell symbionts 
(arator, -is, m.=gardener). 


Didemnum clavum Kott, 2001 

(Fig. 23A) 

Didemnum clavum Kott, 2001: 162 and synonymy. 
Distribution. Previously recorded (see Kott 2001): 
Western Australia (Buccaneer Archipelago, Legendre 
Island, Jurien Bay); Northern Territory (Darwin); 
Queensland (Heron Island, Swain Reefs); Indonesia. New 
records: Western Australia (off Port Hedland, WAM 




Fig. 8, Didemnum aratore sp. nov. (NTM E256 holotype): A, plant 
cells (?); B, zooid showing plant cells in a cylindrical shawl around 
the rim of the atrial aperture. Scale bars, 0.1 mm. 
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947.88); Northern Territory (Darwin Harbour, NTM E269; 
Bynoe Harbour, QM G308720, G308732). 

Remarks. The newly recorded specimens have the 
characteristic spicules of moderate size, with five to seven 
long, narrow, pointed rays in optical transverse section, 
crowded throughout. The species appears to be a common 
component of the tropical ascidian fauna. 

Didemnum domesticum sp. nov. 

(Figs 9A-D; 20G H; 23B) 

Distribution. Type locality: Ashmore Reef, western 
side of entrance to West Lagoon, 4-7 m, coll. K.Gowlett- 
Holmes, 1 October 2002, holotype NTM E237. Further 
record: Northern Territory (Bynoe Harbour, Raft Point, 
QM G308710-1). 

Description. The holotype is part of a robust 
encrusting sheet, crowded throughout with spicules. 
Evenly spaced stellate branchial apertures outlined in 
spicules are on the surface, and occasional low, rounded 
elevations around the margin of the colony have large, 
sessile long and narrow common cloacal apertures. Other 
slightly protuberant common cloacal apertures are 
slightly compressed at the anterior end of the more or 
less parallel amphipods lying on their dorsal surfaces in 
deep elliptical concavities that occur on much of the 
colony surface. These concavities are rounded anteriorly 
and pointed at the posterior end and are partially enclosed 
by the lateral margins of the concavity. The ventral 
appendages, especially the paired antennae, of each 
crustacean are exposed to the exterior just above the 



Fig. 9. Didemnum domesticum sp. nov. (NTM E237 holotype): 
A, colony surface showing common cloacal aperture and commensal 
amphipods; 15 , commensal amphipods depressed into colony surface 
adjacent to common cloacal apertures; C, cross section of colony 
showing thoracic common cloacal cavity and larvae in basal test. 
D, larva; Scale bars. A, B, 5.0 mm; C, 0.5 mm; D, 0.1 mm. 


upper surface of the ascidian colony. The crustacean 
appears to have unusually bushy antennae (fide R Davie) 
and possibly is filtering the water currents moving over 
the ascidian and entraining the excurrent water from the 
adjacent common cloacal apertures. This which would 
explain the parallel orientation of these commensals. 
Stellate branchial apertures are present in the concavities 
(as they are in the whole of the colony surface); 
presumably incurrent water entering the zooids from the 
water lying around the amphipod in what appears to be 
a closely fitting depression in the colony surface. The 
surface depressions appear to increase in size with the 
amphipods, which may be sessile, living permanently in 
the surface of the ascidian. The amphipod appears to be 
an undescribed species of the genus Polycheria Haswell, 
1879, characterised by subchelate periopods that hold 
the organism in the surface of the ascidian host (fide 
J. Lowry). 

The common cloacal cavity is at thorax level, and 
the surface elevations around the margins of the colony 
are created by thickenings in the basal test. Spicules are 
crowded throughout the colony. They are stellate, to 
0.04 mm diameter with seven to nine and sometimes five 
relatively long rays in optical transverse section. The 
rays are sometimes conical but many have an almost 
cylindrical basal part. 

Zooids are small. A short branchial siphon has six 
sharp points around the rim of the aperture. Only six 
stigmata are in the anterior row. The thoracic musculature 
is delicate and a fine retractor muscle extending from 
halfway down the long oesophageal neck is 
inconspicuous and hard to detect. The atrial opening is 
sessile, exposing the branchial sac directly to the 
common cloacal cavity. Abdomina are embedded in the 
basal test. The gut-loop either is vertical or curved 
ventrally. Six coils of the vas deferens surround an 
undivided testis and a large yellow egg is at the posterior 
end of the zooid. Each zooid appears to have only one 
vascular stolon. 

Larvae are present in the basal test. The larval trunk 
is small (about 0.5 mm long) and dark (with dark cells 
in the larval haemocoele) and the tail wound three- 
quarters of the way around it. Five long parallel 
finger-like ampullae are along each side of the three 
antero-median adhesive organs. 

Remarks. The species is distinguished principally 
by its larvae with five pairs of ectodermal ampullae, 
together with six coils of the vas deferens and relatively 
few stigmata. The other species known to have five larval 
ampullae per side is D.fuscum Sluiler, 1909, which also 
has a similar sized larval trunk, dark cells in the larval 
haemocoele, and relatively few stigmata. However, it 
has nine coils of the vas deferens and much larger 
spicules than the present species. Didemnum mantile 
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Kott, 2001 is a temperate species with similar spicules 
distinguished from the present species by its common 
cloacal systems of circular canals over clumps of zooids, 
resulting in a quilted surface. 

It is not known whether or not the crustaceans are 
obligate associates of this species. Nevertheless, the 
species name refers to the colony as a habitat for these 
commensals (domesticus -a -um=domestic). 

Didemnum jedanense Sluiter, 1909 

(Figs 10A, B; 23C) 

Didemnum jedanense Sluiter, 1909: 59. - Kott 2001: 
194 and synonymy. 

Distribution. Previously recorded (see Kott 2001): 
Western Australia (Cape Ruthiers); Queensland (Hervey 
Bay, southern Great Barrier Reef, Abbott Point, Lizard 
Island, Low Isles, Mossman): Indonesia; New Caledonia. 
New record : Northern Territory (Darwin Harbour, Plater 
Rock, NTM E295). 

Description. The newly recorded colony is a thin 
grey sheet. Spicules and small, spherical, dark pigment 
cells are mixed in a superficial bladder cell layer which 
meets with a white colony margin where the thick, 
crowded, layer of spicules in the basal part of the colony, 
which completely lacks pigment cells, is visible from 
the surface of the preserved colony. Sparse spicules 
mixed with pigment cells are present in the remainder 
of the colony. The common cloacal cavity is thoracic. 
Small spicules, rarely to 0.038 mm diameter, are burr¬ 
like and usually globular, although some are stellate with 
short conical rays. 

Zooids are whitish, with a long straight retractor 
muscle, eight stigmata in the anterior row of the branchial 
sac and eight coils of the vas deferens. The abdomen is 
relatively large, with an ample gut loop. Large larvae 
(trunk 0.92 mm long), present in the basal test, have 
seven pairs of long, club-shaped lateral ampullae 
surrounding the three antero-median adhesive organs. 
An oozooid has a thoracic and an abdominal bud in the 
oesophageal region. 

Remarks. Didemnum spp. with similar large larvae 
(containing numerous long, club-shaped lateral ampullae 
and blastozooids) generally have significantly larger 
spicules (D. chartaceum Sluiter, 1909), or spicules 
crowded in a raspy surface layer (D. arancium Kott, 
2001, D. levitas Kott, 2001), or spicules crowded 
throughout the colony (D. precocinum Kott, 2001) 
or three-dimensional common cloacal systems 
(D. dealbatum Sluiter, 1909). The small burr-shaped 
spicules and large larvae with buds and numerous lateral 
ampullae of the present species, together with the 
arrangement of the zooids, presence of pigment in oval 
cells, the ample gut loop, and the layer of spicules in the 
basal test, are characteristic of this species, albeit 
sometimes its colonies are aspiculate. 



Fig. 10. Didemnum jedanense (NTM E295): A, thorax; 
B, abdomen, dorsal view. Scale bars. 0.1 mm. 

Didemnum lillipution sp. nov. 

(Figs 11A-C; 21 A; 23D) 

Distribution. Type locality: Ashmore Reef, inner West 
Lagoon, 3-6 m, coll. K. Gowlett-Holmes, 2 October 2002, 
holotype NTM E250. 

Description. The holotype colony is a small, frayed 
fragment of a thin, brittle sheet. Spicules are crowded 
throughout. Stellate branchial apertures outlined in 
spicules are evenly spaced over the colony surface. 
Thoraces cross the deep thoracic horizontal common 
cloacal cavity, each either in an independent test sheath 
or with its ventrum embedded in a solid test connective 
between the thin surface and thicker basal test. Generally 
the abdomina are embedded in the basal test but 
occasionally they are in these test connectives, surrounded 
by deeper sections of the common cloacal cavities. 
Spicules have seven to nine long, conical (although not 
very pointed) rays with a long, almost rod-like shaft. 
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Generally spicules are up to 0.07 mm diameter, but 
occasional large spicules to 0.1 mm diameter occur. The 
ray length/spicule diameter ratio is 0.4 or more. 

Zooids are very small, only about four stigmata being 
detected in the anterior row of the narrow branchial sac. 
Neither an atrial tongue nor a retractor muscle was 
detected. The vas deferens coils five times around the 
undivided testis. The small (trunk 0.05 mm long) larvae 
are being incubated in the basal test. They have three 
antero-median adhesive organs surrounded by four pairs 
ot lateral ampullae and three rows of stigmata are in the 
larval pharynx. The tail is wound three-quarters of the 
way around the trunk. 

Remarks. Zooids and larvae of this species are 
amongst the smallest yet recorded for the genus. The small 
larvae with their four pairs of lateral ampullae, three rows 
of stigmata and lacking blastozooids are commonly 




Fig. 11. Didemnum lillipution sp. nov. (NTM E250 holotype): 
A, zooid; B, thorax; C, larva. Scale bars, 0.1 mm. 


encountered in the genus. Similar, but significantly 
smaller, spicules with and relatively few short, rod-shaped 
rays are in the tropical D. candidum Savigny, 1816 (see 
Kott 2001) and D. granulation Tokioka, 1954 and in the 
temperate species D. detection Kott, 2001. 

The species name is from Lilliput, an imaginary land 
inhabited by miniature individuals (from Gulliver’s 
Travels, by the 17-18th century Irish satirist, Jonathon 
Swift). 

Dideinnum madeleinae F. and C. Monniot, 2001 

(Fig. 23E) 

Didemnum madeleinae F. and C. Monniot, 2001: 268. 
- Kott 2002: 35: Kott 2004b: 2497. 

Distribution. Previously recorded (see Kott 2002, 
2004b): Northern Territory (Darwin, Channel Islands), 
Papua New Guinea. New records : Northern Territory 
(Darwin, NTM E293; Bynoe Harbour, QM G308712). 

Remarks. The newly recorded colony has the usual 
characteristic, small, stellate spicules with relatively few 
(five to seven in optical transverse section) rays. Kott 
(2004b) has erroneously referred to seven to nine rays in 
optical transverse section. It is distinguished from others 
with similar spicules (see D. granulation, above) by its 
relatively numerous (eight) coils of the vas deferens. 

Didemnum membranaceum Sluiter, 1909 

(Fig. 12A) 

Didemnum membranaceum Sluiter, 1909: 58. - Kott 
2001: 205 and synonymy. 

Distribution. Previously recorded (see Kott 2001): 
Western Australia (Montebello Islands, Houtman’s 
Abrolhos, Dongara); Queensland (Moreton Bay, 
Caloundra, Great Barrier Reef), Timor Sea, Andaman 
Islands, Indonesia, Micronesia, French Polynesia, Hong 
Kong. New records: Ashmore Reef. WAM 174.93, NTM 
E285; Western Australia (Shark Bay, WAM Z20558; 
Cockburn Sound, WAM 139.93). 

The record from Cockburn Sound is the most southerly 
on the western Australian coast. 

Description. The newly recorded colonies are the 
usual thin encrusting sheets with spicules crowded 
throughout and sometimes some minute crowded spicule- 
filled papillae crowded on some parts of the surface. 
Minute, inconspicuous, brown pigment cells are in the 
thin, aspiculate superficial layer of test and spicules project 
up through this layer around each branchial siphon. The 
pigment cells also are scattered amongt the spicules. 
Spicules have the usual characteristic stellate form with 
9 to 11 pointed rays. Giant tetrahedral spicules with about 
six long needle-like rays are scattered amongst the other 
spicules. Branchial siphons are short. Six small, pointed 
lobes are around the rim of each aperture. Spicules line 
the margin of each stellate aperture on the surface of the 
colony. Small comma-shaped thoraces, with only six 
stigmata in the anterior row, cross the horizontal common 
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cloacal cavity in their independent test sheaths and a 
retractor muscle projects from about halfway down the 
oesophageal neck. 

Remarks. This is one of the more commonly 
encountered Indo-west Pacific sheet-like didemnids. 
Owing to its characteristic mix of smaller stellate with 
giant spicules, it is relatively easy to distinguish it from 
others with spicules crowded throughout and papillae on 
some parts of the surface. Living specimens are some 
shade of orange or red. 

Didemnum nekozita Tokioka, 1967 

(Figs 12B-D; 23F. G) 

Didemnum nekozita Tokioka, 1967: 67. - Kott 2004a: 
754 and synonymy. 

Distribution. Previously recorded (see Kott 2004a): 
Western Australia (Shark Bay): Queensland (Capricorn 
Group, Lizard Island); Palau Islands, French Polynesia, 
Philippines, Fiji, Eniwetak. New records'. Ashmore Reef, 
NTM E238 E272: Western Australia (Houtman’s 
Abrolhos, WAM 178.93). 

Description. Several of the new records are of some 
small fragments of colonies, but a specimen from Ashmore 
Reef is a more extensive white sheet. The sheet-like colony 
has depressions in the surface over deep primary common 
cloacal canals which are the full depth of the zooids and 
have zooids arranged along each side. Zooid openings 
are not always conspicuous, sometimes having the 
surrounding test crowded with spicules rather than only 
having the margins of the stellate openings lined with 
them. Common cloacal apertures are at the junctions of 
some of the canals have aspiculate, transparent rims. 
Zooids have relatively large thoraces with eight stigmata 
in the anterior row of the branchial sac. A large sessile 
atrial opening exposes the stigmata directly to the common 
cloacal cavity. A retractor muscle projects from about 
halfway down the long oesophageal neck. The abdomina 
are relatively large in this species and the gut is 
voluminous and forms a double loop. The broad proximal 
half of the rectum narrows abruptly to the distal half, which 
is a narrow straight tube. The part of the loop (behind the 
duodenum) is where the loop bends vcntrally and a patch 
of pigmented granular material is always in the body wall 
where this bend occurs, the bend itself making the patch 
U-shaped in longitudinal section. Two conspicuous, but 
not especially long, vascular stolons with tear-drop-shaped 
terminal ampullae project from the ventral concavity of 
the abdomen where it bends vcntrally. The vas deferens 
coils seven times around the entire testis. 

Remarks. The identification is based on the 
characteristic small (less than 0.03 mm diameter), stellate 
spicules with seven to nine blunt-tipped rays with straight 
almost rod-shaped shafts and some giant spicules with 
relatively few (often only six) long, pointed rays. The U- 
shaped patch of dark granular material in the bend of the 
voluminous gut loop appears to be characteristic of this 
species. The surface papillae and the small rounded 


cushion-like colonies sometimes reported for the species 
(see Tokioka 1967; Kott 2001) probably are variable. 

The species can be expected to occur in coralline 
habitats in the Indo-west Pacific. 

Didemnum ossium Kott, 2001 

Didemnum ossium Kott, 2001: 216 and synonymy. - 
Kott 2004a: 756. 

Distribution. Previously recorded (see Kott 2001, 
2004a): Western Australia (Montebello Islands, Bonaparte 
Archipelago, Lord Mayor’s Shoal, Passage Islands); 
Northern Territory (English Company’s Island); New 
Caledonia; Philippines. New record : Western Australia 
(42 n miles N of Port Hedland, WAM 122.93). 

Remarks. The species is one of a group with more than 
one type of spicules. It has stellate ones with conical pointed 
rays, others with blunt rays as well as more globular spicules 
with stumpy, flat-topped projections around the surface. 
The spicules are characteristically moderate-sized (to 
0.06 mm) and the stellate ones have 11-13 relatively long 
and sharply pointed rays in optical transverse section. The 



Fig. 12. Didemnum membranaceum (NTM 285): A, colony surface. 
Didemnum nekozita (NTM E272): 15. thorax: C. D, abdomina. Scale 
bars, A, 1.0 mm; B-D, 0.1 mm. 


57 













P. Kott 


latter are larger and their rays longer and more sharply 
pointed than the spicules of D. inoseleyi (Herdman, 1886). 
Didemnum bicolor Kott, 2001 and D. dijfundum Monniot, 
1995 (see Kott 2001) have smaller spicules (to 0.03 mm 
diameter) and D. macrosiphonium Kott, 2001 is a temperate 
species with a long branchial siphon and spicules with fewer 
(9-11) rays. Polysyncraton millepore Vasseur, 1969 is 
distinguished by it generic characters as well as its 
distinctive biscuit-like colony and unique atrial tongue (see 
Kott 2001,2004a). 

The new record is the most southerly location recorded 
for this species. 

Didemnum roberti Michaelsen, 1930 

Didemnum roberti Michaelsen, 1930: 516. - Kott 
2001: 230 and synonymy; Kott 2004a: 758. 

Distribution. Previously recorded (see Kott 2001, 
2004a): Western Australia (Rottnest I, Port Hedland, Shark 
Bay, Montebello Islands. Bonaparte and Dampier 
Archipelagoes); Northern Territory (Parry Shoals, Gulf of 
Carpentaria, Bathurst Island). New records: Western 
Australia (Montebello Islands WAM 156.93, Cape Preston 
WAM 170.93); Northern Territory (Bynoe Harbour, QM 
G308717, G308725, G308727, G308733). 

Remarks. Colour variations previously recorded for 
this conspicuous northern Australian species are shown 
in Kott (2001: PI. 14e-h) and include large lobed colonies 
flecked with red, cream colonies with byellow pigment 
around the apertures, and black pigment crowded on the 
top of the lobes. Similar colonies flecked with black rather 
than red are reported from the Montebello Islands (Kott 
2004a) and in a newly recorded specimen from Bynoe 
Harbour (QM G308717) and the other newly recorded 
colonies are cream coloured with yellowish pigment 
around the common cloacal apertures. Despite this 
variation in colour, the species is readily identified by the 
sharply pointed rays of its stellate spicules. 

Didemnum rota sp. nov. 

(Figs 13A, B; 21B; 23H) 

Distribution. Type locality: Ashmore Reef, western 
side of entrance to West Lagoon. 4-7 m, coll. K.Gowlett- 
Holmes, 1 October 2002, holotype NTM E241. 

Description. The preserved colony is an irregular, 
white, encrusting sheet with dimples where the branchial 
apertures are contracted into the surface. The surface has 
a fluffy appearance owing to the stellate spicules 
embedded close to the surface in the superficial layer of 
test. Spicules are crowded throughout the colony. The 
common cloacal cavity is a shallow, horizontal space at 
thorax level. Spicules are to 0.07 mm diameter and have 
five to seven and sometimes nine long rays, with an almost 
cylindrical shaft that converges to a terminal point. The 
ray length/spicule diameter ratio is about 0.375. 

The zooids have a strong retractor muscle from halfway 
down the oesophageal neck. The vas deferens coils seven 
times around the undivided testis. Larvae are not known. 



Fig. 13. Didemnum rota sp. nov. (NTM E241): A. thorax; 
B. abdomen. Scale bars 0.1 mm. 

Remarks. Tropical species with similar spicules having 
relatively straight shafts with terminal points are: D.fusciun 
Sluiter, 1909 (distinguished by its dark test cells around 
the zooids, larger spicules and more vas deferens coils), 
D. nekozita Tokioka, 1967 (distinguished by its smaller 
spicules with fewer rays, giant spicules with few long, spiky 
rays and larger zooids with conspicuous vascular stolons). 
D. coralliforme Kott, 2004b (distinguished by its larger 
spicules with more attenuated points), D. grande (Herdman, 
1886) (again with larger spicules with more attenuated rays 
but also conspicuous depressions in the surface test over 
the primary common cloacal canals) and D. granulation 
Tokioka, 1954 and D. candidum Savigny, 1816 (both with 
smaller spicules). Didemnum lillipution sp. nov. (see above) 
has similar but larger spicules and smaller zooids with fewer 
stigmata and vas deferens coils than the present species. 

The species name refers to the straight, rod-like spicule 
rays like the spokes of a wheel (rota, -ae=wheel). 

Didemnum tumulatum sp. nov. 

(Figs 14A-C; 21C; 24A) 

Distribution: Type locality: Ashmore Reef, 6-8 m, coll 
K. Gowlett-Holmes, 5 October 2002, holotype NTM E279. 

Description. The holotype colony is an irregular, 
lumpy mass, encrusting weed. Small, rounded elevations 
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on the surface have terminal common cloacal apertures 
and have central cores of lest (continuous with the basal 
test) which are separated from the surface zooid-bearing 
layer of test by a posterior abdominal common cloacal 
cavity that extends up around clumps of zooids, isolating 
them from each other. Thoracic common cloacal cavities 
penetrate in amongst the thoraces in each clump. Spicules 
are in a crowded layer in the surface test but are relatively 
sparse elsewhere. They are of moderate size (0.06 mm 
diameter) and have 9 to 11 long conical rays. 

Zooids are small. A retractor muscle projects out from 
near the top of the oesophageal neck and there are seven 
coils of the vas deferens around a conical testis. Larvae 
are not known. 

Remarks. The species has similar common cloacal 
systems to D. fragum Kott, 2001 (distinguished by its 
larger colony lobes, 12 vas deferens coils and larger 
spicules crowded throughout) and D. spongioide Sluiter, 
1909 (distinguished by its larger colonies and larger 
spicules with fewer rays also crowded throughout the 
colony). Didenmam roberti Michaelsen, 1930 has larger 
colony lobes and spicules with fewer and more pointed 
rays and D. pectcn Kott, 2001 has shorter and more conical 
spicules rays and nine coils of the vas deferens. Both these 
species have similar three-dimensional common cloacal 




Fig. 14. Didemnum tumulatum sp. nov. (NTM E279 holotype): 
A, colony; B, abdomen, ventral view; C, thorax. Scale bars, 
A, 1.0 mm; B. C. 0.1 mm. 


cavities as the present one although, unlike the present 
species, their spicules are confined to a layer in the upper 
part of the colony. 

The species is named for the conical elevations of the 
colony surface (tumulus, -i=hill). 

Didemnum usitatum sp. nov. 

(Figs 15A, B; 2ID; 24B) 

Distribution. Type locality : Ashmore Reef, eastern 
side of entrance to West Lagoon, 4—6 m, coll. K. Gowlett- 
Holmes, 2 October 2002, holotype NTM E259. 

Description. The holotype colony is firm, thin and 
encrusting. It is crowded with spicules throughout and 
the surface is covered with minute spicule-filled papillae. 
The common cloacal cavity is shallow and horizontal, at 
thorax level. Abdomina are embedded in thick basal test. 
Spicules are small (to 0.045 mm diameter) and stellate 
with 9-11 robust, pointed, conical rays in optical 
transverse section. 

Zooids are small with a straight retractor muscle from 
halfway down the oesophageal neck. The vas deferens 
coils six times around the lens-shaped undivided testis. 
Larvae are not known. 



Fig. 15. Didemnum usitatum sp. nov. (NTM E259 holotype): 
A, thorax; B, abdomen. Scale bars, 0.1 mm. 
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Remarks. The flat, encrusting, spicule-filled colony 
of the present species, with minute papillae on the surface 
and regularly stellate spicules, resembles many other 
species in this genus, including D membranaceum. Its 
zooids are larger, the spicules are smaller and it lacks the 
giant spiky spicules of D. membranaceum. The tropical 
D. caesium Sluiter. 1909 and the temperate D. sucosum 
Kott, 2001 have similar but larger spicules. Didemnum 
via Kott, 2001 also has similar but larger spicules with 
longer and narrower rays, brown pigment in a superficial 
layer of test and the surface depressed over deep primary 
common cloacal canals. Spicules also are similar to those 
of the newly described species, D. tumulatum (see above), 
although the common cloacal canals are different, 
posterior abdominal canals being present in the latter 
species, spicules are sparse in the middle layers of the 
colony and it has more coils (eight) of the vas deferens 
than the present species. 

The species has characters in common with many other 
species, a fact reflected in its name (usitatus, -a, 
-um=usual, customary). 

Didemnum vesperi sp. nov. 

(Figs 2IE, F; 24C) 

Didemnum lacertosum - F. and C. Monniot 2001:268. 

Not Didemnum lacertosum Monniot, 1995: 311. 

Distribution. Type locality : Ashmore Reef, western side 
of entrance to West Lagoon, 4-7 m, coll. K. Gowlett- 
Holmes, 1 October 2002, syntypes NTM E239. 

Description. In preservative the syntypes are small, 
thin, white irregular colonies but the living specimens are 
small rounded cushions, 1-2 cm in maximum extent, with 
spicules crowded throughout. Living specimens are mauve 
or purple with a white star in the centre of the colony 
where the common cloacal aperture is surrounded by 
pigment-free test and the white spicules in the base of the 
colony can be seen through the open aperture. The 
common cloacal cavity is thoracic and abdomina are 
embedded in the basal test. Spicules, to 0.056 mm 
diameter, are a mixture of stellate spicules with 13-17 
crowded relatively short, conical, blunt-tipped rays and 
globular ones with flat-tipped rod-like rays. Zooids are 
minute with no more than six stigmata in the anterior row 
on one side. A small retractor muscle extends from the 
top of the oesophageal neck. The gut forms a simple loop 
and the vas deferens coils eight times around the undivided 
testis. Larvae are not present in the syntypes but are present 
in material from Papua New Guinea ( D. lacertosum: F. 
and C. Monniot 2001) which appears to be conspecific. 
These larvae have a trunk 0.55 mm long, 8-10 ectodermal 
ampullae and blaslozooids. 

Remarks. The photographed living specimens look 
identical to those of D. lacertosum: F. and C. Monniot, 
2001 from Papua New Guinea. They do not appear to be 
conspecific with the type material of D. lacertosum 
Monniot, 1995 (from the Loyalty Islands), which, although 


the appearance of the living colonies is not recorded, has 
smaller spicules with more rays than the present species 
and only six to eight larval ectodermal ampullae. The 
spicules of the present species resemble those of 
D. moseleyi (Herdman, 1886) and D. nambuccense Kott, 
2004a. The types of the former species are colonies to 5 
cm in maximum extent although Kott (2001) later assigned 
larger sheets to the species. Although its spicules are much 
the same size as the present species, they have fewer rays 
(to 11 in optical transverse section). Larval forms that cab 
be confidently assigned to D. moseleyi have not yet been 
described (see Kott 2001). Didemnum nambuccense is a 
temperate species from New South Wales with more 
spicule rays (17-19) and its zooids are larger than the 
present species and dark brown. 

The species name refers to the purple-blue colour of 
the colonies, each with a large white star in the centre of 
the upper surface (vesperi, -i=the evening star). 

Trididemnum discrepans (Sluiter, 1909) 

(Fig. 16A, B) 

Leptoclinum discrepans Sluiter, 1909: 77. 

Trididemnum discrepans - Kott, 2001: 267 and 
synonymy; Kott 2004a: 761 and synonymy. 



Fig. 16. Trididemnum discrepans (NTM E251): A, thorax; 
B, abdomen, ventral view. Scale bars, 0.1 mm. 
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Distribution. Previously recorded (see Kott 2001, 
2004a): Australia (north-western, north-eastern and 
southern Australia, Torres Strait), Indonesia, New 
Caledonia, Philippines, Fiji, Palau Islands, Kiribati, Tonga, 
Thailand, Cocos Keeling Islands. New records: Western 
Australia (Rowley Shoals, WAM 183 93; Ashmore Reef, 
NTM E251). 

Description. The newly recorded specimens are black, 
gelatinous cushions with a whitish translucent 
undersurface. The pigment is in filamentous strands 
through the upper half of the colony, especially in the 
surface and gathered into a black patch over each of the 
large zooids. An endostylar pigment cap is at the anterior 
end of the endostyle. Large common cloacal canals run 
through the upper half of the colony. The vas deferens 
coils seven times around the testis follicle. 

Remarks. The species is distinguished by its black 
gelatinous colonies, filamentous pigment particles, lack 
of spicules and large larval trunk with six pairs of 
ectodermal ampullae. The present specimens lack larvae 
but previously recorded ones (Kott 2001,2004a) have a 
trunk to 1.1-1.4 mm long. Kott’s (2001) report that 
Trididemnum savignii has a smaller larval trunk than the 
present species appears to have been unfounded, as the 
larva of this species is not yet reported. Trididemnum 
marmoratum (Sluiter, 1909) has oval to spherical 
pigment cells (rather than the filamentous strands of the 
present species) and similar sized larvae but they have 
eight long ectodermal ampullae per side (see Kott, 2002 
and below). Trididemnum dispersion (Sluiter, 1909) has 
similar but smaller colonies and distinctive stellate 
spicules. 

Trididemnum farrago sp. nov. 

(Figs 17A, B ; 2IG, H; 24D) 

Distribution. Type locality: Ashmore Reef, inner West 
Lagoon, 3-6m, coll. K.Gowlett-Holmes, 2 October 2002, 
holotype NTM E253. 

Description. The colony is a thin, brittle, encrusting 
sheet, white in preservative, with large (to 0.09 mm 
diameter) stellate spicules crowded throughout. The upper 
surface is smooth and white, being interrupted by evenly 
spaced zooid openings. The spicules have from 7 to 15 
pointed rays of varying lengths in optical transverse 
section, the spicule outline often being irregular rather 
than regularly stellate. The rays vary from being short 
and conical to long and attenuated. Common cloacal 
cavities are shallow, horizontal spaces at thoracic level. 

Zooids are very small and in the holotype they are 
contracted and withdrawn from the surface. The contracted 
zooids have a short atrial siphon projecting from the 
posterior third of the dorsal surface of the thorax and a 
short retractor muscle from the posterior end of the thorax. 
They have mature testes and probably are protandrous. The 
vas deferens is coiled six times around the undivided testis. 
Oesophageal buds are present. Larvae are not known. 



Fig. 17. Trididemnum farrago sp. nov. (NTM E253 holotype): 
A, thorax; B, zooid. Scale bars, 0.1 mm. 


Remarks. The thin, brittle colony with a thoracic 
common cloacal cavity, unique and relatively large, 
irregular spicules with an unusually large range in the 
number of rays (7-15 in optical transverse section) 
crowded throughout and the small zooids are characteristic 
of this species. It lacks the dark pigment often found at 
the anterior end of the thorax in species of the savignii 
group in this genus (see Kott 2001). 

The irregular spicules with rays of various lengths are 
the basis for the species name (farrago, -inis=a mixture). 

Trididemnum marmoratum (Sluiter, 1909) 

(Fig. 24E) 

Leptoclinum marmoratum Sluiter, 1909: 84. 

Trididemnum marmoratum - Kott 2002: 38. 

Distribution. Previously recorded (see Kott 2002): 
Northern Territory (Gulf of Carpentaria), Indonesia. New 
record : Northern Territory (Darwin, NTM E294). 

Description. The newly recorded colony is a firm 
slab with the surface raised into rounded swellings with 
terminal common cloacal apertures. Spicules are present 
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in a layer at thorax level beneath the superficial layer of 
bladder cells. They are sparse in the remainder of the 
test, except for a layer in the base of the colony. They 
are also present in appreciable concentrations around 
the common cloacal cavities, which are at oesophageal 
and posterior abdominal levels. The spicules in the newly 
recorded colony are stellate, to 0.075 mm diameter, with 
9-11 conical pointed rays in optical transverse section. 
Black squamous epithelium is present on some of the 
zooids in the newly recorded specimen, although an 
endostylar pigment cap was not detected. Zooids are not 
readily removed from the test in this species. Faecal 
pellets are crowded into patches in the basal test. 

Remarks. The differences between this species, 
T. pseudodiplosoma and T. planum are documented 
below (see T. planum. Remarks). Trididemnum savignii 
(Herdman, 1886) and 71 areolatum (Herdman, 1906) 
have similar gelatinous colonies but larger spicules, and 
the aspiculate 71 discrepans (Sluiter, 1909) also has 
gelatinous colonies although these species have branched 
and filamentous pigment cells crowded in amongst the 
bladder cells in the test that are different from the oval 
to spherical cells that sometimes occur in the present 
species, T. pseudodiplosoma and 71 planum. 
Trididemnum sibogae (Hartmeyer, 1910), another related 
species with oval-spherical pigment cells, is 
distinguished by its larger spicules and complex colony. 
These species are also distinguished from one another 
by having different numbers of larval lateral ampullae. 

Although gonads are not developed in the newly 
recorded colony of 71 marmoratum, Monniot (1994) has 
reported six vas deferens coils for this species. This also 
distinguishes it from the species compared with it above, 
all of which have eight coils of the vas deferens. 

Trididemnum planum Sluiter, 1909 

(Fig. 18A) 

Trididemnum planum Sluiter, 1909: 42. - Kott 2001: 
256; Kott 2002: 39. 

Distribution. Previously recorded (see Kott 2002): 
Northern Territory; Indonesia. New records : Northern 
Territory (Bynoe Harbour, QM G308680, G308681, 
G308683). 

Description. Colonies are sheet-like and grey to 
black, with an irregular surface or they are more complex 
cushions with lobes overgrowing the surface and one 
another to form a three-dimensional reticulum. Minute 
irregular to spherical black pigment particles are in the 
surface test, either evenly distributed or in patches and/ 
or streaks. Some colonies have patches of spicules in 
the surface test mixed with the pigment particles or 
interrupting them. Spicules also are in a crowded layer 
in the Boor of the common cloacal cavity, which has 
deep primary canals and shallower secondary canals at 
oesophageal level. Spicules generally are absent from 


the thick basal layer of test, which is only rarely traversed 
by posterior abdominal common cloacal canals and they 
are completely absent from the base of the colony. 
Spicules are stellate, to 0.06 mm diameter, with 13-15 
short conical rays in optical transverse section. 

Zooids are covered with black squamous epithelium. 
Thoraces are small and rounded, with a black endostylar 
pigment cap at the top of the endostyle. The black 
squamous epithelium is interrupted by the circular 
concavity of the lateral organs on each side of the 
posterior end of the thorax near the base of the short 
posteriorly directed atrial siphons. A short retractor 
muscle projects from the posterior end of the thorax (at 
the top of the oesophageal neck). About 12 stigmata are 
in the anterior of the three rows in the branchial sac and 
conspicuous unperforated areas are anterior and posterior 
to the stigmata. The gut loop is long and forms a double 
loop. The testis is against the flexed part of the loop at 
the posterior end of the zooid and is surrounded by eight 
coils of the vas deferens. 

Large elliptical larvae have a trunk 1.4 mm long with 
five ectodermal ampullae along each side of the three 
long-stalked antero-median adhesive organs are in the 
basal test. A large spherical mass of yolk is in the centre 
of the trunk in front of the vertical gut loop. Large 
spherical bladder cells are crowded in the larval test. 

Remarks. The species varies in the intensity and 
distribution of pigment in the superficial bladder cell 
layer, colony form and the distribution of patches of 
spicules in the surface test. However, the layer of spicules 
in the floor of the relatively shallow common cloacal 
cavity, the size and form of the spicules, the numbers of 
vas deferens coils and larval lateral ampullae and 
especially the large bladder cells crowded in the larval 
test are all characteristic of this species. The posterior 
end of the larval trunk observed in the present specimen 
(QM G308681) appears to have been drawn out as it 
was removed from the colony, an artefact that probably 
explains why it is larger than has been recorded 
previously for this species (Kott 2002). 

The black patches and streaks of crowded oval to 
spherical pigment cells are found also in preserved 
colonies of T. marmoratum and T. pseudodiplosoma. 
Black squamous epithelium and the endostylar pigment 
cap are found in the present species and in 
T. marmoratum ; and eight coils of the vas deferens are 
present in the present species and in T. pseudodiplosoma 
while T. marmoratum has only six coils of the vas 
deferens. There are some differences in the spicules of 
T. planum and 7. marmoratum, and T. pseudodiplosoma 
is largely aspiculate, but these three species are most 
readily separated by the number of larval ampullae, viz. 
five pairs in T. planum, eight pairs in T. marmoratum, 
and 12 or more pairs in T. pseudodiplosoma (which also 
has up to eight blastozoods). 
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Trididemnum pseudodiplosoma (Kott, 1962) 

(Figs 18B; 24F) 

Pidemnum pseudodiplosoma Kott, 1962: 321. 

Trididemnum pseudodiplosoma - Kott 2001: 279 and 
synonymy; Kott 2004b: 2504. 

Trididemnum crystallinum Kott, 2001: 263 (new 
sy n onym). 

Distribution. Previously recorded (see Kott 2001 and 
2()04b): South Australia; Northern Territory; Coral Sea. 
Aev*’ records: Northern Territory (Bynoe Harbour, QM 
G308679, G308682, G308706, G308723; Darwin 
Harbour, NTM E298, NTM E314, E315). 

Description. Except for one specimen from Darwin 
Hafbour, the newly recorded colonies are all aspiculate. 
Ond (QM G308679) is translucent and irregular and has 
only few oval brown pigment particles with parts of the 
surface overgrowing other parts to form a complex three- 
dimensional colony. The others (QM G308682, G308723, 
NtM E314-5 and NTM E298) are either grey-black in 
preservative or the black pigment particles are distributed 
in patches or streaks and sometimes are concentrated in 
the branchial lobes. One grey-black colony (QM 
G308682) is primarily sheet like but has some surface 
furrows and ridges and the others are the usual complex 
three-dimensional shapes. Bladder cells are present 
throughout the test. Burr-like spicules with rod-like rays 
and a few stellate spicules to 0.045 mm diameter are 
sparsely distributed in a single layer in a few patches just 
beneath the superficial layer of test in the newly recorded 
specimen from Darwin Harbour (NTM E298). 

Zooids are characteristically large, with a branchial 
siphon of moderate length, but the atrial siphon is short 
and projects only slightly from the posterior end of the 
thorax. The two-lipped to circular atrial aperture is directed 
posteriorly. Twelve parallel longitudinal muscles extend 
down each side of the thorax. Twelve long stigmata are in 
the anterior row on each side, reducing to nine in the 
posterior row. An extensive unperforated area is in the 
anterior part of the pharynx. A retractor muscle, sometimes 
fine and attenuated but sometimes short and thick, projects 
from the top to halfway down the long oesophageal neck. 
The large and voluminous gut forms a vertical loop and 
usually is filled with, and is obscured by, large faecal 
pellets. The large, spherical and undivided testis is 
surrounded by eight coils of the vas deferens. 

Larvae are present in a number of the newly recorded 
specimens (QM G308679 G308723, NTM E 298 E315 
collected in either June or August). They are identical 
with those previously described (Kott 2001 and 2004b) 
with a large trunk (1.2 mm long), a corona of 16 sometimes 
bifurcating club-shaped ampullae around the three antero¬ 
median adhesive organs and a circle of up to eight 
blastozooids around the trunk generated from the 
oesophageal region of the oozooid. 


Remarks. Kott (2001) reported that neither gonads nor 
larvae were detected in the highly pigmented holotype 
specimen of T. crystallinum Kott, 2001 from the Northern 
Territory. This has been confirmed in a re-examination of 
the specimen. The larva in Fig. 124d (Kott 2001), which is 
said to be a larva of T. crystallinum, is actually from a 
specimen of T. cristatum Kott, 2001 (AM Y1541). 
Furthermore, although Kott’s count of the stigmata in the 
branchial sac of T. crystallinum is correct, her count of the 
number of stigmata in South Australian specimens of 
T. pseudodiplosoma Kott, 2001 is incorrect. In a re¬ 
examination of the South Australian specimens on which 
Kott's (2001) study was based, the number of stigmata was 
found to be the same as in the holotype of T. crystallinum, 
of which it is the senior synonym. 




Fig. 18. Trididemnum planum (QM G308681): A, larva. 
Trididemnum pseudodiplosoma (NTM E315): 15. zooid. Scale bars, 
0.1 mm. 
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Intraspecific variation in the amount of black pigment 
significantly affects the external appearance of specimens 
of this species. The darkly pigmented oval cells are 
sometimes gathered into streaks forming a marble-like 
pattern in the surface (see colonies from South Shell 
Island: Kott 2004b, and the newly recorded specimens 
QM G308682, NTM E298 and NTM E315) but 
sometimes the colony has a completely black surface (see 
colony from Anglers Reef: Kott 2004b). The dark oval to 
spherical cells in the test of this species resemble those in 
similar locations marbling the surface of specimens of 
T. marmoratum and T. planum (see above). 

Colonies always are soft, internally translucent three- 
dimensional masses, the test contains bladder cells 
throughout, zooids are large with the gut forming a vertical 
loop, and the unique larvae have numerous club-shaped 
lateral ampullae and ring of up to eight blastozooids. These 
unique larvae are known from unpigmented completely 
translucent colonies (from South Australia: types and QM 
GH3818, see Kott 2001: and from the Northern Territory: 
newly recorded colony QM G308679). as well as from 
specimens with a completely black surface (from the 
Northern Territory: QM G308649, Kott 2004b). Spicules 
are not generally found in this species, the only exceptions 
being burr-like and stellate spicules in a few specimens 
from both southern Australia (see T. crystallinum Kott. 
2001 and T. pseudodiplosoma: Kott 2004b) and the 
Northern Territory (see NTM E298, above). 

The present species can be identified always by its 
larvae, but in their absence, the lack of black squamous 
epithelium and endostylar pigment cap and the lack of 
large stellate spicules help to distinguish it from other 
sympatric, large, gelatinous colonies of this genus. 

The new records confirm that, although 
T. pseudodiplosoma previously was thought to be 
confined to southern Australian waters, it is common in 
Darwin Harbour. It is one of the few species of the 
Didemnidae with a range that includes temperate and 
tropical waters, although the absence of records between 
the Northern Territory and southern Australia suggests 
that appropriate habitats in other locations have not yet 
been sampled. It has not been recorded from coral reef 
waters. 

Lissoclinum badium F. and C. Monniot, 1996 

(Fig. 24G) 

Lissoclinum badium F. and C. Monniot, 1996: 170. - 
Kott, 2001: 297. 

Distribution. Previously recorded (see Kott 2001): 
Western Australia (Bonaparte Archipelago), Queensland 
(Capricorn Group to Lizard Island), Coral Sea, Palau 
Islands. New records : Ashmore Reef, NTM E268; 
Northern Territory (Darwin, QM G308739; Bynoe 
Harbour, QM G308695). 

Description. The colonies are the same soft to rubbery 
consistency as others have recorded. In life the colonies 


are beige with brown around the common cloacal aperture 
which protrude from the surface. In preservative, colonics 
are grey on the upper surface (where dark pigment cells 
are mixed with spicules). Spicules are sparse internally 
around the zooids and at zooid level the colony is dark 
brown. However spicules are crowded in the relatively 
thick basal layer of test where, in the absence of pigment, 
the colonies are an opaque creamish-white colour. The 
spicules are burr-like, to 0.03 mm diameter, with numerous 
rod-like rays. Zooids cross the vast common cloacal cavity 
in test connectives, either singly or in clumps, and these 
are anchored to the basal test by narrow basal test 
ligaments. Brown pigmented cells, sometimes mixed with 
spicules, are crowded around the zooids and obscure the 
body organs. These brown cells are 0.01 mm diameter 
and have conspicuous spherical particles crowded in them. 
Zooids are of the usual form, with two testis follicles. 

Remarks. The living specimens have a characteristic 
appearance, although in preservative they can be readily 
confused with other species, especially L. reginum, which 
has similar spicules and two testis follicles. In this study 
the species have been distinguished by the large pigment 
cells in the test of present species. These large cells are not 
present in the haemocoel. The spicules are smaller than 
those of L. reginum, although its preserved colonies are 
similar to those of the present species. 

Lissoclinum bistratum (Sluiter, 1905) 

Didemnum bistratum Sluiter, 1905: 103. 

Lissoclinum bistratum - Kott 2001: 298 and synonymy. 

Not Lissoclinum bistratum - F. and C. Monniot 2001: 
283. 

Distribution. Previously recorded (see Kott 2001): 
Western Australia (Kimberley, Shark Bay), New South 
Wales (Lord Howe Island. Hastings Point), Queensland 
(Moreton Bay to Lizard Island), Northern Territory 
(Darwin). Coral Sea, Caroline Islands, Palau Islands, New 
Caledonia, Philippines, Tokhara Islands, Fiji, Indonesia, 
Singapore, Malagasy, Aden, Red Sea. New records : 
Western Australia (Shark Bay, WAM 1018.90: Christmas 
Island, WAM 602.89). 

Remarks. Colonies of the newly recorded specimen 
lots from Christmas Island and Western Australia are the 
characteristic small cushions, with characteristic globular 
spicules throughout, a single undivided testis follicle and 
fine Prochloron cells in the common cloacal cavity. 

Although they concede that the spicules are different 
and that there are differences in their chemistry, F. and 
C. Monniot (2001) have not been able to separate 
specimens of L. bistratum from L. voeltzkowi 
(Michaelsen, 1920), a junior synonym of L. timorense 
(Sluiter, 1909) and believe that these two species are 
conspecific. Although their differences are not discussed 
in the catalogue of valid species occurring in Australia 
(Kott 1998), these two species are well characterised, 
especially by their dramatically different spicules and 
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other aspects of their zooids, larvae and colonies (Kott 
2001). It is not possible to assign the specimens newly 
recorded from the western Pacific by F. and C. Monniot 
(2001) to one or the other of these species. 

Lissoclinum multifidum (Sluiter, 1909) 

Leptoclinum multifidum Sluiter, 1909: 83. 

Lissoclinum multifidum - Kott. 2001: 311 and 
synonymy; Kott 2002: 42; Kott 2004b: 2512. 

Lissoclinum concavum Kott, 2001: 303 (new 
synonym). 

Distribution. Previously recorded (see Kott 2001,2002, 
2004b): Northern Territory (Port Essington, Darwin), South 
Australia (Flinders Island, Wright Island, Franklin Island), 
Indonesia, Gulf of Thailand, Mauritius. New records: 
Northern Territory (Darwin-Mandorah Jetty, NTM E229); 
Tasmania (Forestier Peninsula, SAM E3242). 

Description. The newly recorded colony from 
Tasmania (taken from kelp) is soft, encrusting and 
aspiculate and has white morulae in the test, although 
these are not crowded into conspicuous parallel bands. 
The preserved specimen looks like the photographed 
colony from Mandorah Jetty (which has sparse spicules 
to 0.015 mm diameter; see Kott 2002: fig. 27d) and the 
holotype of Lissoclinum concavum (see Kott 2001: 
pl.lSh) which contains spicules (to 0.06 mm diameter). 
The newly recorded Northern Territory specimen has 
broad convoluted ridges with bands of white morulae 
(resembling bands of crowded spicules) as in the other 
photographed specimens from Darwin (Kott 2002: 
fig. 27e). Internally, all recorded specimens have clumps 
of six to eight zooids suspended in a large horizontal 
common cloacal cavity and anchored to the relatively 
thin basal layer of test by a thin connective. The test of 
all specimens contains morula cells to 0.04 mm diameter, 
which give it a cloudy appearance. Some of the larger 
of these cells are sparsely but evenly distributed in the 
test and, to the naked eye, look like minute spicules. 
However, they are not calcareous (are not dissolved in 
acid) and spicules were not detected in either of the 
newly recorded specimens. Branchial apertures appear 
to be slightly depressed into the surface, but this may be 
an artefact of the soft test. Common cloacal apertures 
are large and sessile, but are inconspicuous owing to 
the soft test. The zooids arc large, with a large atrial 
aperture exposing most of the branchial sac directly to 
the common cloacal cavity. An atrial lip was not detected. 
A long, fine retractor muscle projects out from the top 
of the oesophageal neck. Stigmata are long and 
rectangular, about eight per row in the anterior row. The 
gut is folded up horizontally behind the thorax. A straight 
vas deferens originates from the centre of a rosette of 
eight (SAM E3242) or five or six (NTM E229) male 
follicles. Almost spherical larvae with a larval trunk to 
0.75 mm long are being incubated behind the zooids. 
Three long club-shaped lateral ampullae are along each 


side of the three deep antero-median adhesive organs 
and the tail is wound about three-quarters of the way 
around the trunk. Blastozooids are present in the vicinity 
of the larval oesophageal neck. 

Remarks. No morphological difference has been 
detected that would explain the dramatic difference that Kott 
(2002) reported in the appearance of the two photographed 
aspiculate specimens, both from Mandorah Jetty (Darwin). 
Although the presence of crowded spicules was regarded as 
the principal character distinguishing the temperate species, 
L. concavum Kott, 2001 from the tropical, aspiculate 
L. multifidum Sluiter, 1909, this distinction has not been 
sustained, some small spicules being present occasionally 
in tropical specimens (NTM E210; Kott 2001) and an 
otherwise identical newly recorded Tasmanian specimen is 
aspiculate (SAM E3242). Both tropical and temperate 
specimens contain the same morula bodies. However, 
although abdomina are always bent up under the thorax in 
both tropical and temperate specimens they either are 
embedded in the basal test or in the lest connectives; and in 
both the clumps of zooids are often (but not always) 
surrounded by common cloacal cavity. In fact, the presence 
or absence of spicules and the extent of the common cloacal 
cavity arc variable characters in what is one of the few species 
of the Didemnidae to have a continuous range from tropical 
to temperate waters. Furthermore, some intraspecific 
variation is to be expected in this species, one of the relatively 
few with a known geographic range from the West Indian 
Ocean to the West Pacific. 

Lissoclinum reginum Kott, 2001 

(Fig. 24H) 

Lissoclinum reginum Kott, 2001: 319 and synonymy. 
- Kott 2004a: 770; Kott 2004b: 2514. 

Distribution. Previously recorded (see Kott 2001, 
2004b): Western Australia (Port Hedland), Queensland 
(Capricorn Group, Swain Reefs, Lizard Island), Northern 
Territory (Darwin), Indian Ocean (Cocos Keeling Islands). 
New records: Ashmore Reef, NTM E240 E278; Northern 
Territory (Bynoe Harbour, QM G308696, G308737). 

Description. Colonies have patches of yellow pigment 
on the surface, which is white with crowded spicules. Dark 
brown cells 0.005 mm diameter are in the test and surround 
the zooids and are gathered into spherical or oval masses 
in the basal test and some are in the haemocoel. These 
cells appear not to be granular. Minute pigment cells are 
mixed with spicules in the superficial layer of test. Spicules 
are present throughout the test. They are burr-like, to 
0.045 mm diameter, with numerous rod-like rays. 
Thoraces, and sometimes the whole zooid, cross an 
extensive common cloacal cavity in a sheath of test, 
although the abdomina sometimes are embedded in the 
basal test. Zooids are of the usual Lissoclinum type with 
a large rectangular thorax, a wide, open, sessile atrial 
opening and a short retractor muscle. Two testis follicles 
are joined to the vas deferens by short vasa efferentia. 
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Remarks. These thin sheet-like colonies with dark 
brown cells around the zooids and in the haemocoel are 
readily confused with other Lissoclinum spp. which have 
similar, small, burr-like spicules and two male follicles. In 
the present study the form and size of the brown cells can 
be used to distinguish the species from L. badium (see 
above) which has larger brown cells with distinct spherical 
bodies in them and smaller spicules and softer colonies. 
The present species has a short retractor muscle, which is 
not present in L. badium, L. maculatum or L. ostrearium. 

Living colonies of the present species are reported to 
have been cream with variable patches of blue to purple 
or grey (Kott 2001) or to have been beige or white (Kott 
2004b). Newly recorded specimens are purple (NTM 
E240), white (NTM E278), cream with orange patches 
(QM G308737) and red (QM G308696). 

Lissoclinum taratara C. and F. Monniot, 1987 

(Fig. 25A) 

Lissoclinum taratara C. and F. Monniot, 1987: 52. 
- Kott 2001: 325 and synonymy. 

Not Lissoclinum taratara F. and C. Monniot 2001: 284 
(< L. pacificense). 

Lissoclinum guinense F. and C. Monniot, 2001: 283 
(new synonym). 

Distribution. Previously recorded (see Kott 2001, 
F. and C. Monniot 2001): Queensland (Lizard Island), 
New Guinea, French Polynesia. New record : Ashmore 
Reef, NTM 290. The four specimens of this species that 
have been recorded are from widely separated locations. 

Description. The newly recorded colony is a fleshy 
translucent cushion with one layer of spicules beneath a 
superificial layer of bladder cells, and another layer in 
the base of the colony. Spicules are sparse elsewhere. They 
are characteristic of the species, having four long, tapered 
arms made up of long parallel, graded rays with a tuft of 
shorter graded rays in the centre of the spicule (at the 
base of the long arms). The distance between the tips of 
two long arms is up to 0.09 mm. 

Remarks. Although the spicule distribution of the 
newly recorded specimen differs from those previously 
recorded (which have spicules crowded through the 
colony beneath the thick surface bladder cell layer), the 
spicules are characteristic. They separate the species from 
others with long, four-armed spicules, namely 
L. pacificense (Kott, 1981), which has a central tuft of 
spicule rays as in the present species but is distinguished 
by its smaller spicules and the capsules they form around 
the zooids; L. tuheiavae C. and F. Monniot, 1987, which 
has spicules to 0.18 mm between the tips of opposite arms, 
i.e. almost twice the size of the present species; and 
L. sente Kott, 2001 and L. tasmanense Kott, 2001, which 
both lack a central tuft of rays. 

Lissoclinum guinense F. and C. Monniot, 2001 from 
New Guinea has no specific characters in common with 


either L verrilli (Van Name, 1902) or L. triangulum 
(Sluiter, 1909), the species that were compared with it to 
establish its uniqueness. Kott (2004b) thought that 
L. guinense may be a synonym of L. calycis Monniot, 
1992, but it lacks the much larger central tuft of needle¬ 
like rays of the latter species and. although the original 
description of the type material is of generic characters 
or others that have no particular significance at species 
level, its spicules (F. and C. Monniot 2001: figure 6A) 
appear to be identical in size and form to those of the 
present species and the larva appears to be the same as 
the larva described for L triangulum Millar, 1975, a junior 
synonym of the present species. 

Lissoclinum timorense (Sluiter, 1909) 

Didenmum timorensis Sluiter, 1909: 51. 

Lissoclinum timorensis - Kott 2001: 328 and 
synonymy. 

Distribution. Previously recorded (see Kott 2001): 
Queensland (Capricorn Group to Lizard Island, Great 
Barrier Reef), Solomon Islands, Indonesia, New 
Caledonia, Caroline Islands, Philippines, Palau Islands, 
Guam, Fiji, Malagasy. New record : Ashmore Reef, WAM 
625.89. 

The newly recorded colony is from a sandy reef flat, a 
habitat often favoured by this species, as Kott (2001) 
observed in Fiji. 

Diplosoma translucidum (Hartmeyer, 1909) 

(Figs 19; 25B) 

Leptoclinum translucidum Hartmeyer. 1909: 1490 
(nom. now for Leptoclinum perspicuum Sluiter, 1909: 79). 

Diplosoma translucidum - Kott 2001:343 and 
synonymy; Kott 2002: 43; Kott 2004b: 2524. 

Distribution. Previously recorded (see Kott 2001, 
2002, 2004b): Western Australia (Dampier Archipelago, 
Cape Ruthiers, Cape Jaubert), Queensland (Hervey Bay, 
Capricorn Group, Lizard Island), Northern Territory 
(Darwin); Indonesia, New Caledonia. New records : 
Western Australia. WAM 1070.89; Northern Territory 
(Darwin, NTM E292: Bynoe Harbour, QM G308744). 

Description. One of the newly recorded colonies 
(WAM 1070.89), a small scrap with characteristically 
fibrous test, black squamous epithelium on the abdomen 
and two testis follicles, is not included in the following 
description, which applies principally to the other newly 
recorded robust colony from the Northern Territory which 
forms translucent networks encrusting weed stalks. The 
test contains the usual corpuscles, about 0.01 mm 
diameter, previously reported from species of this genus. 
Although these are opaque and superficially appear to be 
spicules, they are not calcareous and do not dissolve in 
acid. They are especially crowded around the branchial 
apertures, they form a single layer that closely 
encapsulates each zooid and obscures its structure and 
they also are scattered sparsely in the remainder of the 
test. Zooids are tightly enclosed in test connectives 
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between surface and basal test an d are difficult to remove 
from the colony. The test is tough and the basal test (which 
in the newly recorded colony forms a central core around 
the weed stalk) is especially tough and fibrous. Zooids 
have eight stigmata in the anterior row and two testis 
follicles. Abdomina are folded up behind the large 
thoraces. Two testis follicles are behind the ventrally 
flexed gut loop. Larvae, present in the newly recorded 
colonics from the Northern Territory (collected in June), 
have a small trunk, a dorsal and a ventral ectodermal 
ampulla and two pairs of lateral ampullae (two each side 
of the three antero-median adhesive organs. Transversely 
elongate patches of crowded corpuscles, similar to those 
reported from the colonial test, arc in the larval test 
encircling the posterior end of the trunk. As the larva 
matures, the corpuscles forming these patches disperse 
into the larval test, including the tail fin. Oozooid and 
blastozooids are close to the anterior end of the larval 
trunk, just behind the lateral ectodermal ampullae. The 
cerebral vesicle is separated from the oozooid, and the 
oozooid and the blastozooid (of equal size) separate from 
one another before settlement. Mature larvae are held in 
the floor of the common cloacal cavity in a brood pouch 
constricted off from the basal test by a narrow neck. 

Remarks. The tough, fibrous, basal test (sec Kott 
2001) is particularly conspicuous in the newly recorded 
specimen and apparently is a characteristic of this species. 
Black squamous epithelium, sometimes reported on 
abdomina in this species, is present in one specimen only 
(WAM 1970.89). 



Fig. 19. Diplosoma translucidum (NTM E292): larva. Scale bar, 
0.1 mm. 


The larvae appear to have moved into the brood 
pouches from the basal test rather than remaining attached 
to the abdomen as in D. versicolor (see Kott 2001). 

Diplosoma versicolor Monniot, 1994 

(Figs 25C, D) 

Diplosoma versicolor Monniot, 1994: 9. - F. and C. 
Monniot 2001: 280. 

Diplosomaferrugewn Kott, 2001: 337 and synonymy; 
Kott 2004b: 2524 (new synonym). 

Distribution. Previous records (see Kott 2001,2004b: 
F. and C. Monniot 2001): Western Australia (Montebello 
Islands, Houtman’s Abrolhos), New South Wales (Lord 
Howe Island), Queensland (Capricorn Group, Swain 
Reefs, Townsville, Lizard Island), Northern Territory 
(rocky reef, Darwin), Philippines, New Caledonia, 
Micronesia. New records'. Ashmore Reef, NTM E262-3; 
Northern Territory (Bynoe Harbour, QM G308697). 

Description. The newly recorded specimens have the 
same soft test with dark brown spherical cells and 
morulae distributed throughout. The morulae are 
especially crowded in the surface forming opaque 
patches and streaks that create a marble-like pattern with 
the clouds of minute yellowish-brown particles 
suspended in the surface test. The opaque morulae 
characteristic of this species (see Kott 2001), together 
with the yellowish brown suspension, surround and 
obscure the zooids, which are enclosed in ligaments of 
test that suspend them between the surface and the basal 
test. Thoraces are attached separately to the surface test, 
but the abdomina are often in clumps, some attached to 
the basal test by a ligament but others partially embedded 
in the basal test. Abdomina are also encased in black 
squamous epithelium. Thoraces are large, with 12 
stigmata in the anterior row on one side and there are 
two testis follicles. The larger colony (NTM E263) has 
mature testes. 

Remarks. Although living colonies of this species are 
readily identified by their marbled colour pattern, there is 
much change with growth in this species, and the 
preserved colonies are often difficult to identify only by 
the form of the common cloacal systems. However, the 
test is always soft, the brown pigment is always present, 
mixed with the morulae that encase and obscure the 
zooids. Opaque bodies that are mistaken for spicules (but 
do not dissolve in acid) are present in both Diplosoma 
and Lissoclinum spp., as in D. fecundum Kott, 2004b, 
D. translucidum (Hartmeyer, 1909), D.velatum Kott, 
2001, L. multifidum (Sluiter, 1909), L. laneum Kott, 
2004b, however these do not appear to be the same as the 
morula bodies found in the present species (see Kott 2001: 
fig. I78h). 

Although Kott (2001) compared Diplosoma 
ferrugewn Kott, 2001 with Monniot’s (1994) description 
of the type material of the present species from New 
Caledonia, she did not think they were conspecific. 
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Fig. 20. Scanning electron micrographs of calcareous spicules from the test of: A, Leptoclinides aciciilus (WAM 129.90); I?. Polysyncraton 
alinguum (NTM E3II holotype); C. Polysyncraton arvum (NTM E289 holotype); I). Polysyncraton niveum (NTM E233 holotype); 
E, F, Didemnum aratore (NTM E256 holotype); G, H, Didemnum domesticum (NTM E237 holotype). 
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Fig. 21. Scanning electron micrographs of calcareous spicules from the test of: A, Didemnum lillipulion (NTM E250 holotype); 
B, Didemnum rota (NTM E24I holotype); C. Didemnum tumulatum (NTM E279 holotype); 1). Didemnum usitatum (NTM E259 holotype); 
E, F, Didemnum vesperi (NTM E239 syntype); G, H, Trididemnum farrago (NTM E253 holotype). 


69 





P. Kott 


largely because the latter colonies were globular and did 
not form thin sheets, and Monniot (1994) did not report 
the characteristic morulae. Nevertheless, the New 
Caledonian colonies are said to have brown-purple 
pigments marbled with pale yellow, a description that is 
not inconsistent with the grey or cream streaks and the 
brown, tan, orange and yellow shades in the identical 
marbled pattern of the Australian specimens. It is most 
probable that the pattern is formed by the same, crowded 
opaque morulae in both. Furthermore, although the 
formation of a brood pouch from the base of a test 
ligament that Kott (2001) described has not been found 
in specimens assigned to D. versicolor , and the larvae 
in specimens from the Philippines and Micronesia 
(F. and C. Monniot 2001) are not sufficiently well 
developed for the larval organs to be determined, they 
are the same size and shape as Kott’s species and they 
are undoubtedly conspecific. 

Family Styelidae 
Subfamily Styelinae 

The genus Symplegma contains what appear to be 
closely related species, all with four internal longitudinal 
vessels on each side of the body, between eight and 18 
rows of stigmata and between 20 and 35 stigmata in each 
half row, a short gut loop but a relatively long rectum, 
from about 10 to 19 stomach folds and a short straight to 
curved gastric caecum and gonads consisting invariably 
of an anterior and a posterior fan-shaped and lobed to 
club-shaped testis follicle on each side of the body, 
converging to the vas deferens between the two follicles 
where there is a small sac-shaped ovary. Viviparous larvae 
have, as far as is known, two or three pointed papillae 
and one or two sense organs. 

Key to Australian tropical and sub-tropical 
species of Symplegma 

la. Testis follicles entire (not lobed).2 

lb. Testis follicles lobed...5 

2a. Zooids arranged in circles. S. teruakii sp. nov. 

(Great Barrier Reef, Timor Sea) 

2b. Zooids not arranged in circles.3 

3a. Stigmata more than 20 in more than ten rows. 

. S. viride Herdman,! 886 

(Bermuda, Caribbean) 

3b. Stigmata less than 20 in less than ten rows.4 

4a. Stigmata in 7-8 rows. S. replans Oka, 1927 

(Japan. Amoy, South China Sea, southern California?) 

4b. Stigmata in 11-12 rows.S. zebra Monniot, 2002 

(Madagascar, Maldives) 


5a. Stigmata 30 or more rows.. 6 

5b. Stigmata less than 30 rows.7 


6a. Apertures joined by pigment circle. 

. S. rubra Monniot, 1972 

(Bermuda, Caribbean, Tanzania, Timor Sea) 


6b. Apertures not joined by pigment circle. 

. S. alterna Monniot, 1988 

(New Caledonia) 

7a. Zooids intensely pigmented, opaque. 

. S. bahraini C. and F. Monniot, 1997 

(Arabian Gulf. Mozambique, Timor Sea) 

7b. Zooids not intensely pigmented, nor opaque. 

. S. brakenhielmi (Michaelsen, 1904) 

(Gulf of Mexico, Caribbean, Brazil, West Indian 
Ocean, West Pacific and Timor Sea) 

Symplegma bahraini C. and F. Monniot, 1997 

(Fig. 25E) 

Symplegma bahraini C. and F. Monniot, 1997: 1638. 
- Monniot 2002: 67. 

Distribution. Previously recorded (see Monniot 
2002): Arabian Gulf, Mozambique. New record : Ashmore 
Reef, NTM E284. 

Description. In preservative, the newly recorded 
colony is a robust slab about 5 cm in maximum dimension 
and 1 cm thick. Black zooids occupy the upper half of the 
colony where the test between the zooids is translucent 
like that in the lower half of the colony where it contains 
test vessels. The zooids arc completely embedded almost 
vertically in the test, their anterior ends at the surface. 
The branchial and atrial apertures are on small, short 
siphons relatively close together. Zooids near the margins 
of the colony are slightly oblique, lying on their postero- 
ventral surface, presenting more of their dorsal margin to 
the surface of the colony and their apertures are further 
apart. Branched but not especially long terminal ampullae 
are around the margins of the colony. In life, the colony is 
a bright opaque yellow colour. 

Fourteen rows of stigmata are in the branchial sac with 
about 31 stigmata in each of the rows. The gut forms the 
usual tight loop with a curved gastric caecum attached by 
two ligaments (one from the tip and one from the outer 
curve of the caecum) to the closest part of the gut wall. 
The rectum is long and curves over onto the dorsum of 
the zooid to open at the base of the atrial opening. The 
stomach is more or less pyriform and has 15 longitudinal 
folds. The gonads consist of an anterior and a posterior 
longitudinally oriented fan-shaped and deeply lobed testis 
follicles on each side of the body, each converging to the 
vas deferens that is between them, curving around the 
ovary, which in the newly recorded colony is a single large 
oocyte and a smaller egg. 

Remarks. The number of stomach folds, the large 
number of stigmata in each row, the number of rows of 
stigmata, together with the deeply branched testis follicles 
and the bright opaque colour of the living colonies appear 
to be characteristic of the species. 

Symplegma alterna has similar opaque red or yellow 
zooids, 14 or 15 rows of stigmata, more than 30 stigmata 
per row and especially deeply divided testis follicles like 
S. bahraini. Despite the 19 stomach folds that are said to 
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distinguish S. alterna, it is possible that the two species 
are synonyms. Monniot (1988) thought that S. alterna was 
distinguished from others by its protandrous condition, 
the testis and ovary not being present at the same time. 
However it is possible that there are various degrees of 
protandry, with varying intervals between the maturation 
of male and female gonads, respectively, and although 
male and female gonads often are reported to be present 
together, they usually are not mature at the same time. 

Symplegma brakenhielmi (Michaelsen, 1904) 

(Fig. 25F) 

Diandrocarpa brakenhielmi Michaelsen, 1904: 50. 
- Herdman 1906: 33 var. ceylonica. 

Symplegma brakenhielmi - Monniot 1983: 429; 
Rodriguez and Rocha 1993: 733; C. and F. Monniot 1997: 
1636. 

Symplegma viride — Michaelsen 1918: 39; Michaelsen 
1919: 101; Michaelsen in Hartmeyer and Michaelsen 
1928: 358: Van Name 1921: 404-407 var. brakenhielmi ; 
Van Name 1930: 482; Millar 1966: 368; Plante and 
Vasseur 1966: 149: Tokioka 1967: 162 (part, specimen 
from Thailand). 

Symplegma Oceania Tokioka. 1961: 114. — Kott 1981: 
199; Kott 1985: 257; Kott and Goodbody 1982: 531; C. 
and F. Monniot 1987: 106; Monniot 1988: 177. 

Symplegma stulilmanni — Kott 1998: 202. 

Gynandrocarpa quadricornulis Sluiter, 1904: 127. 

Gynandrocarpa similis Sluiter, 1904: 97. 

Distribution. Previously recorded : Indian Ocean and 
the western Pacific (Sluiter 1904; Herdman 1906; 
Michaelsen 1918, 1919, 1928; Monniot 1988; C. and F. 
Monniot 1987, 1997; F. and C. Monniot 1997; Kott 1981, 
1985; Kott and Goodbody 1982). Gulf of Mexico, 
Caribbean (Michaelsen 1904; Van Name 1921, 1930; 
Monniot 1983; Rodriguez and Rocha 1993). New records: 
Ashmore Reef, NTM E281, E283. 

Although the type location of this species is in the 
Atlantic, the records are principally from the Pacific and 
Indian Oceans. 

Description. The newly recorded colonies are thin and 
grey, the zooids dorso-ventrally depressed and lying on 
their ventral surface. Ten or 11 rows of stigmata are in the 
branchial sac, three stigmata are between the internal 
longitudinal vessels and five or six are between the 
adjacent vessel and the endostyle and dorsal lamina 
respectively. Ten folds are in the stomach wall. A small 
immature ovary is present and the usual lobcd male 
follicles are maturing in these specimens collected on 
October. 

Remarks. Symplegma brakenhielmi (Michaelsen, 
1904) was first described from the Gulf of Mexico. 
Specimens from the Indian and western Pacific Oceans 
(Herdman 1906; F. and C. Monniot 1997) have been 
assigned to the species as well as other specimens from 
the Atlantic in which the characters of the zooids are not 


reported (Monniot 1983; Rodriguez and Rocha 1993). The 
species and its synonyms have 10-16 stomach folds, up 
to 27 stigmata in each of 8-14 rows of stigmata (3-6 per 
mesh) and a long vas deferens free in the peribranchial 
cavity. 

Symplegma Oceania Tokioka, 1961 from the western 
Pacific (Noumea), with 13 stomach folds and 13 rows of 
about 27 stigmata are thought to be conspecific with S. 
brakenhielmi (see Kott 1985, 1998; C. and F. Monniot 
1997), including specimens assigned to S. Oceania from 
Fiji, the South China Sea (Kott 1981; Kott and Goodbody 
1982), New Caledonia (Monniot 1988) and Australia (Kott 
1985). 

Van Name (1930, 1945) thought that specimens of 
S. viride with entire follicles and S. brakenhielmi with 
lobed follicles to be conspecific. Although he did not 
detect the long vas deferens characteristic of the latter 
species in his material and it is possible that his specimens 
are one of the other species, that species does not appear 
to be conspecific with the primarily Atlantic Ocean 
S. viride. 

Symplegma bahraini C. and F. Monniot, 1997 has 
characters that fall within the range of S. brakenhielmi 
and its synonyms, having 12-14 stomach folds, 10-12 
rows of stigmata and about 27 stigmata per row. C. and F. 
Monniot (1997) distinguish the species from 
S. brakenhielmi by its two sense organs and three papillae, 
rather than the one sense organ and three papillae in 
S. brakenhielmi (see Kott 1985). However, at this stage, 
few larvae have been described and more data are needed 
to establish this as a reliable character. Symplegma viride: 
Vasseur, 1967, from Mauritius, has ‘numerous’ stomach 
folds, 13 rows of stigmata and a deep red. yellow, orange 
or grey colour and is thought to be conspecific with 
S. bahraini: and S. viride Plante and Vasseur, 1966 from 
Malaysia, with 14 stomach folds, 10-13 rows of stigmata 
and transparent zooids, is conspecific with 
S. brakenhielmi. However, S. bahraini may be more robust 
than S. brakenhielmi and its bright yellow or red opaque 
zooids appear to constitute a distinguishing character that 
it shares with S. alterna (see above). 

Michaelsen (1934) had some difficulty in resolving 
the relationships between Distoma elegans Quoy and 
Gaimard, 1834 and the present species. Although the type 
specimen of the former species is lost. Hartmeyer (1912) 
eventually achieved a satisfactory synthesis when he 
recognised that the described colour pattern, colony form, 
terminal ampullae of test vessels and arrangement of 
zooids in the colony of the Quoy and Gaimard species all 
resembled Synstyela monocarpa Sluiter, 1898, a sympatric 
species from southern Africa; and (although Michaelsen 
later thought S. monocarpa to be a species of Symplegma), 
from an examination of two specimens from southern 
Africa and from Sluiter's description, found them to be 
specimens of a species of Chorizocarpa. This species, 
Clwrizocarpa elegans (Quoy and Gaimard, 1834) should 
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not be confused with the present species, and Michaelsen’s 
(1934) proposal that they are conspecific is incorrect. 

Tokioka (1967) considered the present species a 
synonym of S. viride. Symplegma viride Tokioka, 1967 
includes new material from Thailand, Amoy and the Palau 
Islands, which are all probably different species. The 
specimens from Thailand have 10-12 rows of stigmata 
and 11-13 stomach folds and probably belong to the 
present species although the specimen from Palau with 
19 stomach folds does not. The specimen from Amoy with 
its undivided testis follicles may belong to S. reptans Oka, 
1927. 

Kott's (1998) separation of all West Indian Ocean and 
western Pacific (including Australian) specimens trom 
S. brakenhielini as S. stuhlmanni Michaelsen. 1904 on 
geographic grounds alone is inappropriate. 

Furthermore, the extent to which the pallial body wall 
is distended by developing gonads as a means for 
distinguishing species from one another is not reliable 
and cannot be validated (see C. and F. Monniot 1997: 
fig. 7A, in which the body wall is clearly distended, a 
condition which these authors then thought would 
distinguish S. brakenhielini from S. Oceania). Symplegma 
Oceania , C and F. Monniot, 1987 has not been placed in 
subsequent synonyms by these authors, although the 
length of the oviduct and other characters suggests that 
they are accurately identified. 

The status of Gynandrocarpa quadricornulis and 
G. similis were confirmed by examination of the types (see 
Kott 1985). 

Symplegma rubra Monniot, 1972 

(Figs 25G, H) 

Symplegma rubra Monniot. 1972: 622. — F. and C. 
Monniot 1997: 26 and synonymy. 

Distribution. Previously recorded (see F. and C. 
Monniot 1997): Atlantic Ocean (Bermuda, Brazil, 
Jamaica, Guadaloupe), west Indian Ocean (Mozambique, 
Tanzania). New records : Ashmore Reef, NTM E245, 
E288. 

Description. The newly recorded colonies are 
reddish brown thin encrusting colonies with the zooids 
lying conspicuously parallel on their ventral surface in 
the thin test. In life, one of the specimens is salmon pink 
(NTM E245) and the other is raspberry red. A brick-red 
line radiates out from each side of each aperture and 
usually the lines on one side join one another on the 
sides of the zooid and complete a full circle around the 
anterior end of the zooid, including the aperture in the 
circle. The smaller zooids are inside the outer margins 
of the colony where especially long terminal ampullae 
of the test vessels lie parallel to one another. Fourteen 
rows of stigmata are in the branchial sac and stigmata 
are arranged between the internal longitudinal vessels 
according to the formula E7-6-6-6-6-DL. Eleven 
conspicuous stomach folds are emphasised by a line of 


pigment in the body wall that lies between the folds. 
The gut has the usual loop and a moderate-sized curved 
caecum attached to the gut by two ligaments, one of 
which is branched. The two lobed testis follicles are lined 
up on each side of the body but the ovary was not 
detected in these specimens. 

Remarks. The present species has 11-13 stomach 
folds, 10-14 rows of stigmata and about 30 stigmata per 
row. Apart from the number of stigmata in each row, which 
is relatively high, these characters fall within the range 
for S. brakenhielini. The only significant difference 
appears to be the red lines that radiate from each side of 
both apertures and in most zooids join into a circle that 
crosses both apertures around the anterior part of the zooid 
(see also F. and C. Monniot 1997: pi. 3c). It should be 
empasised that this line joins the apertures; it does not 
encircle them as Monniot (2002) suggested. It does not 
appear to be the same as the red line that encircles the 
apertures in some specimens of S. brakenhielini (see 
S. Oceania Tokioka, 1961 and S. brakenhielini ceylonica 
Herdman, 1906). Some of the colonies assigned to 
S. brakenhielini could belong to the present species as 
both species look alike in preservative. 

Symplegma teruakii sp. nov. 

Symplegma reptans - Kott, 1985: 258; Kott 1998: 202. 

Distribution. Previously recorded : Queensland (Heron 
Island. Wistari Reef: Kott 1985). Type locality: Queensland 
(Wistari Reef, low tide rubble fauna, coll. P. Kott, 

27 February 1984, holotype QM GH2603; Heron Island 
reef, low tide rubble fauna, coll. P. Kott, June 1982. paratype 
QM GH2636). There are no new records of this species. 

Description. See S. reptans (Kott, 1985). 

Remarks. Dr. Teruaki Nishikawa first suggested 
that the specimens from the Great Barrier Reef that 
Kott (1985) had assigned to the Japanese species 
S. reptans (Oka, 1927) appeared to be different from 
it. The Australian colonies were all pink in life with 
the zooids arranged in circles, the atrial openings in 
the centre of the circle, an arrangement emphasised by 
a white triangular mark in the test over the prebranchial 
area of each zooid. In S. reptans there is no white patch 
and the zooids are not arranged in circles. Further, the 
Australian species has 11 rows of stigmata with up to 

28 in each row and a barrel-shaped stomach with eight 
distinct folds, while the Japanese species has only eight 
or nine rows of stigmata with 18 or 19 stigmata in each 
row and nine or 10 stomach folds. Symplegma zebra 
Monniot, 2002 is similar to the present species and 
S. reptans in its eight or nine stomach folds and entire 
testis follicles. It has 11 rows of stigmata like the present 
species but only about 18 stigmata per row and 
sometimes brownish or brownish yellow zooids like 
S. reptans. The zooid arrangement in S. zebra is not 
clear from the description of the type, some of the 
zooids appearing to be in circles. 
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The circular arrangement of zooids and the pink and 
white daisy-like pattern of the living colonies distinguish 
this species from all other known species in this genus. 

The species is named for Dr. Teruaki Nishikawa, an 
ascidian taxonomist of great distinction from the 
University of Nagoya. 

Family Pyuridae 
Pyura gangelion (Savigny, 1816). 

Cynthia gangelion Savigny, 1816: 90. 

Pyura gangelion - Monniot 2002: 100 and synonymy. 

Pyura tongaea C. and F. Monniot, 1976: 381. 
- Monniot 2002: 104 and synonymy (new synonym). 

Distribution. Previously recorded (see Monniot 
2002): Red Sea, western Indian Ocean, circum-Australia, 
Papua New Guinea, New Caledonia. New record: 
Darwin (Cullen Bay, NTM E331: Wickham Point 
channel, NTM E335). 

Remarks. The species is in large aggregations with 
Microcosmus exasperatus and M. squamiger on harbour 
installations. 

The species is distinguished primarily by its siphonal 
armature, which extends in double rows out onto the 
outer surface of the siphons and down the sides of the 
zooids. In order to assess the length and form of these 
siphonal spines they should be examined by light 
microscopy, the part of the spine embedded in the test 
being obscure in scanning electron micrographs. The 
larger spines are 0.25-0.275 mm long overall and the 
smaller ones scattered amongst them are 0.1 mm. The 
latter are obscured by the larger spines if the outer cuticle 
of test (in which they are fixed and which lines the 
siphons) is not removed from the underlying body wall 
and spread out on a glass slide. Monniot (2002) describes 
the spines as being 0.1 mm long, presumably being the 
part of the larger spine projecting from the test that he 
was able to measure on scanning electron micrographs. 
The species appears to be conspccific with the sympatric 
Pyura tongaea C. and F. Monniot, 1976 from 
Mozambique, which has a similar mixture of large and 
small spicules. 

Microcosmus exasperatus Heller, 1878 

Microcosmus exasperatus Heller, 1878: 17. - Kott 
1985: 348 and synonymy; Monniot, 2002: 105 and 
additional synonymy. 

Distribution. Previously recorded (see Kott 1985; 
Monniot 2002): West Indian Ocean, Gulf of Aden, western 
and eastern coasts of Australia, Northern Territory, Arafura 
Sea, Indonesia, New Caledonia, Fiji, Formosa, West 
Indies. New record : Northern Territory (Cullen Bay, 
NTM E332). 

Remarks. Like M. squamiger Hartmeyer and 
Michaelsen, 1928, M. exasperatus has eight or nine branchial 
folds; like M. madagascariensis it has a deeply curved gut 
loop open at the pole; and like M. madagascariensis, 
M. squamiger and M. pupa the gonads cross the gut into the 


pole of the gut loop. The gonads generally are lobed in 
M. madagascariensis, divided into series of blocks in 
M. exasperatus and M. squamiger and often undivided and 
diffuse in M. pupa. However, the form of the gonads and the 
position of the endocarps on the body wall often are obscured 
when the gonads are well developed. Despite these 
similarities and variation in the appearance ol the gonads, 
these species are readily distinguished by their siphonal 
armature. The present species is distinguished from others 
in this genus by its characteristic spicules, to 0.05 mm long 
from the pointed tip projecting into the lumen ol the siphon 
to the posterior end of the open base which is drawn out and 
terminates in a bilobed knob (see Kott 1985, tig. 167c,d). 
The siphonal spines of M. madagascariensis Michaelsen, 
1918 are similar but longer (0.075-0.1 mm) while those of 
M. pupa (Savigny, 1816) rue even longer (0.15 mm) and 
have a closed rather than an open base like the First two 
species. However, to detect these differences, it is essential 
that the whole spine is examined and not just the part that 
projects from the test and for that reason it should be 
examined by light rather than scanning electron micrography. 

Monniot (2002) suggested that M. pupa and 
M. madagascariensis resemble one another and certainly 
the scanning electron micrographs of the projecting tips 
of their siphonal spines are alike and indistinguishable 
from the spines of other species discussed here. 
Nevertheless, the latter species is much more like 
M. exasperatus, with deeply curved gut loops and 
siphonal spines with an open base. It is possible that 
M. madagascariensis: Monniot, 2002 is missidentified 
as it lacks the characteristic deeply curved gut loop and 
its gonads look more like those of M. pupa. Microcosmus 
pupa Monniot, 2002 (which Monniot thought resembled 
M. exasperatus, although he was unable to detect the 
curvature of the narrow gut loop) appears to have the 
gonads of M. madagascariensis. 
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Fig. 22. A, Eudistoma eboreum (NTM E291); B, Eudistoma sluiteri (QM G308753); C, Distaplia racemosa (NTM E297): I), Polysyncraton 
arvum (NTM E 289 holotype); E, F, Polysyncraton niveum (NTM E233 holotype, NTM E258 paratype): G. Didemnwn albopunctatum 
(NTM E249); H, Didemnwn aratore (NTM E256 holotype). 
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Fig. 23. A, Didemnum clavum (NTM E296); 15. Didemnum domesticum (NTM E237 holotype); C, Didemnum jedanense (NTM E295); 
D, Didemnum lilliptition (NTM E250 holotype); E, Didemnum madeleinae (NTM E293); F, G, Didemnum nekozita (NTM E238, E272); 
H, Didemnum rain (NTM E24I holotype). 
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Fig. 24. A, Didemmun tumulatum (NTM E279 holotype); B, Didemnum usitatum (NTM E259 holotypc); C, Didemnum vesperi (NTM 
E239 syntype); D, Trididemnum farrago (NTM E253 holotype); E, Trididemnum marmoratum (NTM E294); F, Trididemnum 
pseudodiplosoma (NTM E298); G, Lissoclinum badium (NTM E268); H, Lissoclinum reginum (NTM E240). 
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Fig. 25. A, Lissoclimtm tamtam (NTM E290); B, Diplosoma translucidum (NTM E292); C, I), Diplosoma versicolor (NTM E363, QM 
G308697): E, Symplegma bahraini (NTM E284); F. Symplegma brakenhielmi (NTM E281); G, H. Symplegma rubra (NTM E245, 
E288). 
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TAXONOMIC INDEX 


Bold and italic numerals indicate respectively species illustrations and the formal description of a new species. 


A 

aciculus, Leptoclinides 39, 48, 49, 50, 

68 

adelon, Polysyncraton 52 
albopunctatum, Didemnum 39, 52, 76 
alinguum sp. nov.. Polysyncraton 39, 50, 
68 

alterna, Symplegma 38, 70, 71 
Aplidium (see also caelestis, clivosum, 
multiplication, ritteri) 
Aplousobranchia 39 
arafurensis, Clavelina 39 
arancium, Didenmunt 55 
aratore sp. nov., Didemnum 39, 53, 68, 
76 

arenaceum, Eudistoma 43 
areolatum, Trididemnum 62 
arvum sp. nov., Polysyncraton 39, 50, 

51, 52, 68. 76 
Ascidiacea 37 
Ascidiidae 40 

australiensis, Distaplia 37, 45, 46 

B 

badium, Lissoclinum 39, 64, 66, 78 
bahraini, Symplegma 38, 39, 70, 71. 79 
bicolor, Didemnum 58 
bistratum. Didemnum 64 
bistratum, Lissoclinum 39, 64 
brakenhielmi, Diandrocarpa 71 
brakenhielmi, Symplegma 38, 39, 70, 71. 
72, 79 

brandi, Leptoclinides 39, 49, 50 

c 

caelestis, Aplidium 40, 48 
caesium, Didemnum 60 
calycis, Lissoclinum 40, 66 
candidum, Didemnum 56, 58 
carnosum. Eudistoma 39, 42, 43, 44 
chartaceum, Didemnum 55 
Chorizocarpa 71 
circes, Polycitor 39 
Clavelina (see also arafurensis, 

meridionalis, moluccensis, robusta) 
Clavelinidae 39 
clavum, Didemnum 39, 53, 77 
clivosum, Aplidium 39, 48 
compactus, Leptoclinides 49 
concavum, Lissoclinum 65 
constellatus, Leptoclinides 39, 48, 49, 

50 

coralliforme. Didemnum 58 
corbis, Polyclinum 47 
Corellidae 40 
cristatum, Trididemnum 63 
crystallinum, Trididemnum 63, 64 
cucutliferum, Polysyncraton 40 
cuspidatus, Leptoclinides 48, 49 
cuspidis, Distaplia 44, 45 
cygnuus, Didemnum 40 
Cynthia (see gangelion) 


Cystodytes (see also deUechiajei, 
philippinensis) 

D 

dealhatum, Didemnum 55 
deerratum, Hypodistoma 39 
delectum, Didemnum 56 
dellechiajei, Cystodytes 39 
Diandrocarpa (see brakenhielmi) 
diaphanis, Ecteinascidia 41 
Didemnidae 37, 39, 48 
Didemnum 37, 53, 55 
Didemnum (see also albopunctatum, 
arancium, aratore, bicolor, 
bistratum, caesium, candidum, 
chartaceum. clavum. coralliforme, 
cygnuus, dealhatum, delectum, 
diffundum, domesticum, etiolum, 
flavoviride, fragile, fragum, fuscum, 
grande, granulation, guttatum, 
herba, jedanense, lacertosum, 
levitas, lillipution, macrosiphonium, 
madeleinae, mantile, 
membranaceum, molle, moseleyi, 
nambuccense, nekozita, ossium, 
pecten, poecilomorpha, 
pseudodiplosoma, roberti, rota, 
spongioide, sucosum. timorensis, 
tumulatum, usitatum, verdantum, 
vesperi, viride) 
diffundum, Didemnum 58 
Diplosoma 37 

Diplosoma (see also fecundum, 
ferrugeum, listerianum, 
translucidum) 

discrepans, Leptoclinum 60 
discrepans, Trididemnum 39, 60, 62 
dispersion, Trididemnum 61 
Distaplia 37 

Distaplia (see also australiensis, 
cuspidis, mikropnou, prolifera, 
racemosa, turboensis) 
domesticum sp. nov.. Didemnum 39, 54, 
68, 77 

dromide, Polysyncraton 52 
dubius, Leptoclinides 40, 49 

E 

eboreum, Eudistoma 39, 76 
echinus, Leptoclinides 39, 50 
Ecteinascidia 41 
Ecteinascidia (see also diaphanis, 
sluiteri) 

elegans, Chorizocarpa 71 
elegans, Distoma 71 
etiolum, Didemnum 53 
Eudistoma 37. 44 
Eudistoma (see also arenaceum, 
carnosum, eboreum, ovatum, 
pyriforme, sluiteri, tumidum, 
vulgare) 

exasperatus, Microcosmus 39, 73 


farrago sp. nov., Trididemnum 39, 61, 
69, 78 

fecundum, Diplosoma 61 
ferrugeum, Diplosoma 37, 67 
flavoviride. Didemnum 53 
fragile, Didemnum 40 
fragum, Didemnum 59 
fuscum, Didemnum 40, 54, 58 

G 

gangelion, Cynthia 73 
gangelion, Pyura 39, 73 
glabrum, Polyclinum 39, 46 
glaucum, Polysyncraton 40 
gracilum, Pseudodistoma 39 
grande, Didemnum 58 
granulation, Didemnum 56, 58 
guinense, Lissoclinum 66 
guttatum, Didemnum 53 

H 

helleri, Microcosmus 40 
lierba, Didemnum 53 
Holozoidac 37, 39, 44 
Hypodistoma (see deeratum) 

I 

imperfectus, Leptoclinides 49 

J 

jedanense, Didemnum 39, 55, 77 
jugosum, Polysyncraton 51 
julinea, Phallusia 40 

L 

lacertosum, Didemnum 60 
laneum, Lissoclinum 67 
leacliii, Botrylloides 40 
Leptoclinides 37 

Leptoclinides (see also aciculus, brandi, 
constellatus, cuspidatus, dubius, 
echinus, imperfectus, levitatus, 
madara, rigidus, Sulawesi, 
tuberculatus) 

Leptoclinum (see also discrepans 
marmoratum, multifidum 
perspicuum, translucidum) 
levitas, Didemnum 55 
levitatus, Leptoclinides 50 
lillipution sp. nov., Didemnum 39, 55, 

56. 58. 69. 77 
Lissoclinum 37, 51, 65, 66 
Lissoclinum (see also badium, 

maculatum,multifidum, ostrearium, 
paciftcense, reginum, roseum, sente, 
tasmanense, taratara, timorense, 
triangulum, tulieiavae, verrilli) 
listerianum, Diplosoma 40 
longicaulis, Perophora 42 
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M 

macroglossum, Synoicum 39 
macrosiphonium, Didemnum 58 
maculatum, Lissoclinum 66 
madagascariensis, Microcosmus 73 
madara, Leptoclinides 48, 49 
madeleinae, Didemnum 39, 56, 77 
mantile, Didemnum 54 
marmoratum, Leptoclinum 61 
mannoratum, Trididemnum 39, 61, 62, 
64, 78 

marsupiale, Polyclinum 46 
meandratum, Polysyncraton 52 
membranaceum, Didemnum 39, 56, 57, 
60 

meridionalis, Clavelina 39 
Microcosmus 38 

Microcosmus (see also exasperatus, 
helleri, madagascariensis, pupa, 
squamiger) 

mikropnoa, Distaplici 39, 44 
mikropnous, Polyclinum 44 
millari, Phallusia 40 
millepore, Polysyncraton 58 
modificata, Perophora 37, 38, 39, 40, 41 
inolle, Didemnum 40 
motuccensis, Clavelina 39 
monocarpa, Synstyela 71 
moseleyi, Didemnum 40, 58, 60 
multijidum, Leptoclinum 65 
multifidum, Lissoclinum 39, 65, 61 
multiplication, Aplidium 40 

N 

nambuccense, Didemnum 60 
nekozita, Didemnum 39, 57, 58, 77 
niveum sp. nov., Polysyncraton 39, 51, 
52, 68, 76 

o 

Oceania, Symplegma 71, 72 
ossiuni, Didemnum 39, 57 
ostrearium. Lissoclinum 66 
ovation, Eudistoma 37, 39, 42, 43, 44 
ovation, Psammaplidium 42 

P 

pacificense, Lissoclinum 66 
palliolum, Polysyncraton 51 
papillata, Polycarpa 40 
pecten, Didemnum 59 
pedunculatum, Polysyncraton 50, 51 
Perophora 37 
Perophoridae 39, 40 
perspicuum, Leptoclinum 66 
Phallusia (see also julinea, millari, 
turcica) 

philippinensis, Cystodytes 39 
Phlebobranchia 37, 39 
pigmentata, Polycarpa 40 
pigmentation, Trididemnum 40 
planum, Trididemnum 39, 62, 63, 64 
poecilomorpha, Didemnum 53 
Polycarpa (see also papillata, 
pigmentata) 

Polycheria 54 

Polycitor (see also circes, scaber, 
spirifer ) 


Polycitoridae 37, 39, 42 
Polyclinidae 37, 39, 46 
Polyclinum 37 
Polyclinum (see also corbis, 

psammiferum, pute, sabulosum, 
saturnium, tsuitsuii) 

Polysyncraton 37 
Polysyncraton (see also adelon, 

alinguum, arvum, cucuUiferum, 
dromide, glaucum, meandratum, 
jugosum, niveum, palliolum, 
pedunculatum, purou, rica, 
rob us turn) 

precocinum, Didemnum 55 
Prochloron 64 
prolifera, Distaplia 45 
psanonatode, Didemnum 40 
psammiferum, Polyclinum 39, 46 
Pseudistoma (see also gracilis) 
pseudodiplosoma, Didemnum 63 
pseudodiplosoma, Trididemnum 37, 39, 
62, 63, 64, 78 
Pseudodislomidae 39 
pupa, Microcosmus 73 
purou, Polysyncraton 40, 51 
pute, Polyclinum 47 
pyriforme, Eudistoma 42, 43 
Pyura 38 

Pyura (see also gangelion tongaea) 
Pyuridae 39, 40, 73 

Q 

quadricornulis, Gynandrocarpa 71, 72 

R 

racetnosa, Distaplia 39, 44, 45, 76 

reginum, Lissoclinum 39, 64, 65, 78 

reptans, Symplegma 38, 70, 72 

Rhodosoma (see turcicum) 

Rhodosomatinae 40 

rica, Polysyncraton 50, 51 

rigidus, Leptoclinides 40, 50 

ritteri, Amaroucium 48 

ritteri, Aplidium 39, 48 

roberti, Didemnum 39, 58, 59 

robusta, Clavelina 39 

robustum, Polysyncraton 51 

roseum, Lissoclinum 40 

rota sp. nov., Didemnum 39, 58, 69, 77 

rubra, Symplegma 38, 39, 70, 72, 79 

s 

sabulosum, Polyclinum 46 
saturnium, Polyclinum 39, 46, 47 
savignii, Trididemnum 40, 61, 62 
scaber. Polycitor 43 
seiziwadai, Sycozoa 39 
sente, Lissoclinum 66 
sibogae, Trididemnum 62 
signifera, Sigillina 39 
similis, Gynandrocarpa 71, 72 
sluiteri, Ecteinascidia 39, 40 
sluiteri, Eudistoma 39, 43, 76 
spirifer, Polycitor 43 
spongioide, Didemnum 59 
squamiger, Microcosmus 73 
Stolidobranchia 39 
stuhlmanni, Symplegma 71, 72 
Styelidae 39, 40, 70 


sucosum, Didemnum 60 
Sulawesi, Leptoclinides 49 
Symplegma 37, 38, 70, 71 
Symplegma (see also alterna 

brakenhielmi Oceania, reptans, 
stuhlmanni, teruakii,, viride, zebra) 
Synstyela (see monocarpa) 

T 

taratara, Lissoclinum 39, 66, 79 
tasmanense, Lissoclinum 66 
teruakii sp. nov., Symplegma 38, 39, 70, 
72 

timorense, Lissoclinum 39, 64, 66 
timorensis, Didemnum 66 
timorensis, Lissoclinum 66 
tongaea, Pyura 73 

iranslucidum, Diplosoma 39, 66, 67, 79 
translucidum, Leptoclinum 66 
triangulum, Lissoclinum 66 
Trididemnum 37 
Trididemnum (see also areolatum, 

cristatum, crystallinum, discrepans, 
dispersion, farrago, marmoratum, 
pigmentatum, planum, 
pseudodistoma, savignii, sibogae) 
tsutsuii, Polyclinum 37, 39, 45, 47 
tuberculatus, Leptoclinides 49 
tuheiavae, Lissoclinum 66 
tumidum, Eudistoma 39, 44 
tumulatum sp. nov., Didemnum 39, 58, 
59, 60. 69. 78 

turboensis sp. nov., Distaplia 37, 39, 45 
turcica, Phallusia 40 
turcicum, Rhodosoma 39, 40 

u 

usitatum sp. nov., Didemnum 39, 59, 69, 

78 

V 

vcisculosum, Polyclinum 47 
velatum, Diplosoma 67 
verdantum, Didemnum 53 
verrilli, Lissoclinum 66 
versicolor, Diplosoma 37, 39, 67, 70, 79 
vesperi sp. nov., Didemnum 39, 60, 69, 
78 

via, Didemnum 60 

virens, Diplosoma 40 

viride, Didemnum 53 

viride, Symplegma 38, 70, 71, 72 

voeltzkowi, Lissoclinum 64 

vulgare, Eudistoma 43 

z 

zebra, Symplegma 38, 70, 72 
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Grammonus thielei (Ophidiiformes: Bythitidae) - a new bythitid cavefish 

from off Sulawesi, Indonesia 
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'Zoological Museum, University of Copenhagen, 

Universitetsparken 15, 2100 Copenhagen, DENMARK 
jgnielsen @ zniuc. ku. dk 
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ABSTRACT 

A new species of the genus Grammonus (Ophidiiformes: Bythitidae) is described based on a male, 87 mm SL. It was 
caught 35 m inside a limestone cave in Tomia, off south-eastern Sulawesi. A comparison to the six hitherto described 
Grammonus species shows that it is most similar to G. ater from the Mediterranean. Grammonus thielei n. sp. differs 
in having fewer anal fin rays (41 vs 51-52) and vertebrae (38 v.v 40—42), more pectoral fin rays (21 vs 18-19) and a 
longer head (33 vs 26-28% SL). 

Keywords: Grammonus, Bythitidae, new species, marine cave, Tomia, Sulawesi. 


INTRODUCTION 

In 1998 we received from Mr Werner Thiele, 
director of Waterworld and Schoner Tauchen, Hall, 
Austria, a photograph of a fish taken by him in a cave 
at Tomia, a small island in the Tukang-Besi 
Archipelago, off south-eastern Sulawesi. The same 
photograph also reached us through the kindness of Dr 
Klaus Riitzler of the Smithsonian Institution. We 
recognized the fish as belonging to the family 
Bythitidae but could not further classify it. We wrote 
Mr Thiele that a specimen was needed before we could 
identify the fish. Subsequently we received a specimen 
caught in the same cave and in addition a short video¬ 
film showing the swimming behaviour of another 
individual. The species belongs to the genus 
Grammonus Gill in Goode and Bean, 1896 and 
represents a new species which is described below. 

Taxonomy. The ventrally positioned anterior nostril, 
few developed rakers on the anterior gill arch, single 
ventral fin ray, lack of basibranchial tooth patches and 
presence of a male intromittant organ confirm the 
assignment of the specimen to the viviparous ophidiiform 
family, Bythitidae. 

Bythitidae is divided into two subfamilies: Bythitinae 
and Brosmophycinae. According to Cohen and Nielsen 
(1978: 42) and Nielsen et al. (1999: 94) the subfamilies 
can be separated by the caudal fin being broadly united 
with the dorsal and anal fins in the former, whereas the 
caudal fin is free from the dorsal and anal fins, or basally 
connected, in the latter. Yet Nielsen el al. (1999: 112) 


pointed out that within the brosmophycine genera 
Dermatopsis, Dipulus and Lucifuga the caudal fin may 
be free from or partly connected to the dorsal and anal 
fins, a condition that is now also found in the bythitine 
genus Grammonus. This calls into question the use of 
the condition of the caudal fin as the only character for 
separating the two bythitid subfamilies. 

Furthermore, the following combination of 
characters places the specimen in the genus 
Grammonus (cf. Cohen 1964 and Nielsen et al. 1999): 
body covered with imbricate scales, head partly scaled 
and not depressed; posterior part of maxilla vertically 
expanded; palatines edentate; 3-4 developed rakers on 
anterior gill arch, with short rakers between the 
developed rakers; precaudal vertebrae 11; some 
precaudal neural spines truncate. 

TAXONOMY 

Genus Grammonus Gill in Goode and Bean, 1896 
Grammonus thielei n. sp. 

Figs 1-3 

Material examined. HOLOTYPE - ZMUC 
(Zoologisk Museum, Kobenhavn University, 
Copenhagen) P771359, SL 87 mm, male, 35 m inside 
a limestone cave in Tomia, off south-eastern Sulawesi, 
hand caught, ca. 25 m, July 2002. 

Comparative material examined. Grammomus 
ater (4 specimens), G. diagrammus (6 specimens), 
G. robustus (2 specimens), G. waikiki (I specimen). 
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Fig. 1. Grammonus thielei n. sp., holotype, ZMUC P771359, SL 87. Caudal Fin broken. Scale: 1cm. 


Diagnosis. Fin rays in dorsal 66, anal 41, pectoral 
21, vertebrae 11+27 (ural elements counted as 1). Head 
length 33% SL. One large lateral line pore (- posterior 
supraorbital pore) near angle of opercle. Caudal fin free 
of dorsal and anal fins. 

Description. Meristic characters. Fin rays in dorsal 
66, caudal 12, anal 41. pectoral 21 and pelvic I; vertebrae 
11+27 (ural elements counted as 1); anterior dorsal fin 
ray above vertebra 7; anterior anal fin ray below dorsal 
ray 26 and vertebra 18; no pseudobranchial filaments; 
3-4 developed and 14-16 short rakers on anterior gill 
arch (total 18-19); ca. 70 lateral line scales (difficult to 
count). 

Morphometric characters in percentage of standard 
length (SL 87 mm). Head length 33.0, head width 20.0, 
maximum head height 29.0, depth at origin of dorsal 
fin 27.0, depth at origin of anal fin 19.5, upper jaw 
length 20.0, expanded posterior upper jaw 7.0, diameter 
of pigmented eye 3.6, interorbital width 9.1, postorbital 
length 21.5, predorsal length 39.5, preanal length 63.5, 
distance from base of ventral to origin of anal fin 38.5, 
pectoral fin length 20.5, pelvic fin length 19.5. 

General description. A short and robust fish, the 
body covered by rather small, imbricate scales; head 
with scales on chin and dorsum. Head very high and 
broad, one third of standard length (Fig. 1). Tip of 
opercular spine blunt. No spines on hind margin of 
preopercle. No interval between dorsal, caudal and anal 
fin pterygiophores, but caudal fin free. Origin of dorsal 
fin above proximal part of pectoral fin; origin of anal 



Fig. 2. Grammonus thielei n. sp.. holotype. Anterior left gill arch. 
Scale: 2 mm. 


fin well behind midpoint offish; tip of pectoral behind 
midpoint of fish; pelvic fin reaches about halfway from 
its base to anal fin origin. Diameter of pigmented eye 
half the length of snout. Anterior nostril with short tube 
placed close to upper lip; the much larger posterior 
nostril midway between eye and anterior nostril. Upper 
jaw ends well behind eye; posterior end of maxilla 
vertically expanded. Gill membranes free from isthmus. 
Anterior gill arch with three short rakers on upper arm, 
one developed raker in angle and lower arm with 2-3 
developed and 14-16 short rakers. Short rakers between 
long rakers (Fig. 2). No pseudobranchial filaments. 
Peritoneum thick and silvery white, testes large, 
intestine simple and empty. Swimbladder small and thin 
walled. Penis small, covered by large hood. 

Head sensory pores. Supraorbital canal with two 
pores, one above and one below anterior nostril. 
Infraorbital canal with five pores, two below posterior 
nostril in a skin-fold close to upper jaw and three behind 
eye. Mandibular canal with five pores, two near 
symphysis and three below jaw. Three preopercular 
pores at posterior margin of preopercle. Many small 
papillae all over head. Large mucous cavities in rows 
on mandible, below eye, vertically behind eye and 
between eye and upper angle of opercle. 

Lateral line. One large pore near upper angle of 
opercle (= posterior supraorbital pore). Body lateral 
line with an upper anterior part of 15 papillae ending 
above tip of pectorals and a posterior median part of 
25 papillae beginning at tip of pectoral and ending at 
base of caudal fin. 

Sagittal otolith (Fig. 3). Sagitta very thick, 
triangular, with height a little more than half its length 
and with prominent mid-dorsal angle. Sulcus reduced, 
undivided and without ostial channel. 

Axial skeleton (from radiograph). Eleven neural 
spines of which the anterior is 1/3 length of second 
spine, numbers 2-4 long, pointed and slightly 
depressed, numbers 5-8 short, truncate and somewhat 
depressed and numbers 9-11 longer, less truncate and 
erect. The 26 caudal vertebrae all with slender, pointed 
neural and haemal spines. Parapophyses on vertebrae 
7-11. Pleural and epipleural ribs on vertebrae 3-9. 
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Fig. 3. Grammonus thielei n. sp„ right sagitta of holotype. A. frontal 
view. B, median view. C, dorsal view. Scale: 1 mm. 

Dentition. Premaxillarics with many small, pointed, 
close-set teeth (granular in texture) along entire length; 
number of rows decrease posteriorad: posterior half of 
left premaxilla with pronounced swollen area (Fig. I) 
completely covered by teeth of same size as other teeth 
on premaxillaries. Dentigerous vomer boomerang¬ 
shaped with granular teeth medially and somewhat 
larger teeth distally. Palatines edentate. Dentarics with 
inner row consisting of rather large, pointed, retrorse 
teeth; other rows with granular teeth. 

Colour. Head and body mottled brown with an 
indistinct dark brown spot on left side just below origin 
of dorsal fin. Eye dark blue. 

Similarity. Although on the basis of geographical 
distribution it might be expected that G. thielei was 
derived from G. robustus, a species found throughout 
the Indo-West Pacific, Table 1 shows that on the basis 
of meristic characters G. thielei is most similar to the 
Mediterranean G. citer (Risso, 1810), both having 
relatively low counts. Grammomus thielei differs from 
G. ater mainly in having fewer anal fin rays (41 vs 
51-52) and vertebrae (38 vs 40-42), more pectoral 
fin rays (21 vs 18-19) and a longer head (33 vs 
26-28% SL). 


Biology. The following is based on observations by 
Lorenz Mader and Werner Thiele and a video made by 
Thiele in a cave leading from a sinkhole at the northern 
end of the island Tomia, the third island in the Tukang 
Besi Archipelago. The cave fish was first seen by Mader 
in 1996 and since then Thiele and Mader have observed 
20-25 specimens in three different caves and sinkholes 
that are probably connected at depths between 2 and 30 
metres. Water levels in the sinkhole fluctuate with the 
ocean tides. Temperature ranges from 21 to 25°C. A lens 
of warmer, low salinity water at the top is floored by a 
pseudo-bottom of waterlogged vegetation, beneath 
which the water is cooler, more saline and clearer 
(resembling a Bahamian sinkhole in which Lucifuga was 
found, as described by Cohen and McCoskcr, 1998). The 
fish were most often observed in lightless chambers 
without current, but a few were seen at the entrance to a 
cave where they hid beneath rock ledges. They showed 
no reaction to torchlight and their escape distance was 
only about 2 cm. They were mostly seen motionless, with 
only a slight movement of the fins maintaining the fishes’ 
position between the limestone rocks. Males appeared 
to reach 18 cm total length and females 15 cm. Juveniles 
are pale, changing to beige as adults. 

Cave dwelling bythitid species are found in the 
following genera; Grammonus (5 spp. including 
G. thielei), Lucifuga (5 spp.), Ogilbia (1 sp.) and 
Typhliasina (1 sp.). All of these species have reduced 
eyes, not externally visible in some. Many are sparsely 
or not at all pigmented and all have large mucous 
cavities on the head. Grammomus thielei has small but 
well developed eyes and well pigmented skin when 
adult, suggesting that it is a recent arrival to a cave 
environment. 

Distribution. Known only from the type locality, a 
limestone cave-system in Tomia an island off south¬ 
eastern Sulawesi. 

Etymology. Named after Werner Thiele who was 
the first to photograph and catch a specimen of this 
new species. 


Table 1. Diagnostic characters of Grammonus species. 



Locality No.* 

of spins. 

Dorsal 
fin rays 

Anal 
fin rays 

Pectoral 
fin rays 

Vertebrae 

Lat. line 
pores on 
opercle 

Head 
length in 

% SL 

G. thielei n. sp. 

Sulawesi 

1 

66 

41 

21 

38 

1 

33 

G. ater (Risso, 1810) 

Mediterranean 

3 

68-74 

51-52 

18-19 

40-42 

1 

26-28 

G. claudei (Torre and Huerta, 1930) 

Trop. W. Atl. 

6 

82-87 

64-69 

23-25 

41-43 

4 

29-31 

G. diagrammus (Heller and Snodgrass, 
1903) 

Trop. E. Pac. 

26 

95-115 

76-91 

24-29 

49-53 

1 

25-28 

G. longhursti (Cohen, 1964) 

Trop. E. Atl. 

5 

83-89 

58-61 

24-25 

44-45 

1 

25-27 

G. robustus Smith and Radcliffe, 

1913 

Afr. - Japan 

9 

75-87 

50-62 

23-25 

44-47 

1 

28-31 

G. waikiki (Cohen, 1964) 

Hawaii 

2 

96-98 

71-76 

25-26 

45-48 

0 

26-28 


*Number of specimens from both literature and specimens examined 
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ABSTRACT 

The phylogeny of the catfish family Ariidae is hypothesised based on examination of material from almost all regions 
of the family’s circumglobal distribution yet concentrating on Sahul Shelf taxa. Morphological and osteological 
characters were investigated to determine which would usefully contribute to construction of a phylogeny tor the 
family: 57 characters were selected and 35 rejected. Reasons for acceptance or rejection, and selection of outgroup, 
are provided. The cladograms resulting from phylogenetic analyses, and the distribution of character states within the 
family revealed the significant influence of homoplasy: acceptance of such is a necessary step however, to arriving at 
a reasonable phylogeny for this apparently straightforward yet incredibly diverse catfish family. Monophyly of the 
family was confirmed chiefly on the basis of thirteen characters. Twenty-three genera are recognised, including three 
new genera, Amissidens, Cryptarius and Plicofollis. The genera are diagnosed, their relationships discussed, and 
their species composition and geographical distribution are stated. The dilliculty of assigning some taxa is revealed 
by placing them as incertae sedae\ and the lack of access to some material is acknowledged as a hindrance to completion 
of a global revision. 


Keywords: Ariidae, family revision, fork-tailed catfishes, homoplasy, monophyly, revised classification, Sahul Shelf. 


INTRODUCTION 

Family characteristics. The Ariidae are catfishes 
belonging in the class Otophysi, subclass Siluriphysi, 
order Siluriformes (Fink and Fink 1996). 

The Ariidae, or fork-tailed catfishes, are medium to 
large fishes having an elongate, robust body (Fig. 1). 
The head is conical to rounded or depressed. The mouth 
is terminal to inferior. The teeth are fine or stout, conical 
or wedge-shaped, sharp or blunt (granular). Jaw teeth 
are arranged into narrow or broad bands: palate teeth 
(when present) are grouped into large or small patches. 
Teeth may be present on the parasphenoid. The front 
and rear nostrils are usually close together on each side 
of the snout, the rear (posterior) one more or less covered 


by a flap of skin. Usually six barbels are present around 
the mouth: a pair of maxillary, a pair of mandibulary 
and a pair of mental (inner) barbels (reduced barbel 
complements are exhibited by Osteogeneiosus Bleeker, 
Bagre Cloquet and Batrachocephalus Bleeker (in part)). 

The bony shield comprising part of the dorsal head 
surface is usually covered either by thin skin or 
exposed, but in some taxa it is concealed by thick skin 
and muscle. The head shield is smooth, rugose, striate 
or granular and in most taxa its posterior portion (the 
supraoccipital process) extends caudad to meet the 
predorsal (nuchal) plate. A dorsomedian groove or 
fontanel extending from the nostrils to the 
supraoccipital process is often apparent. The gill 
membranes are joined together and attached to the 



Fig. 1. Ariopsis pectoralis , a typical ariid catfish (200 mm SL). Illustration from Kailola (1999). 
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isthmus anteriorly, and the gill opening width varies 
from wide to restricted, wherein the gill openings do 
not extend ventrad to the pectoral fin base. There are 
5-7 branchiostegals. The gill raker number on the 
anterior aspect of the first arch varies from 8 to 67. 
Rakers are always present along the posterior aspect 
of the third and fourth arches, sometimes on the first 
and second arches. 

The body is naked with a well-developed lateral line 
commencing near the upper part of the gill opening 
and terminating on the tail base by turning dorsad or 
bifurcating over the caudal fin lobes. The dorsal fin, 
situated before the mid-length of the body, consists of 
a very short, broad spine (or spinelet or buckler), a long, 
usually serrated spine and seven branched rays. An 
adipose fin is always present and is situated above the 
spineless anal fin, which has 14-36 simple and 
branched rays. The pectoral fin is low-set and consists 
of a long, often serrated, spine and 7-13 branched rays. 
The pelvic (or ventral) fin has six branched rays and 
no spine; the shape of the inner ray is often modified 
in mature females. The caudal fin is deeply forked, with 
15 (7+8) principal rays, and the outer ray of each lobe 
is unbranched. 

The most significant internal features of the Ariidae 
are the firm-walled, free swim bladder, the elastic 
spring apparatus between the swim bladder and 
neurocranium, the extensive laminar of the fourth 
parapophyses which usually conceals the aortic canal, 
the complex vertebra comprising a single composite 
centrum formed by the fusion of the second to fourth 
vertebral centra, and the large auditory bulla containing 
an exceptionally large otolith. 

Distribution. The Ariidae, or fork-tailed catfishes, 
are distributed almost circumtropically between about 
35° N and 35° S. They are absent from Pacific waters 
between Australia and the island of New Guinea and 
the west coast of north, central and south America. Most 
ariids are confined to marine, coastal and estuarine 
habitats, but some are found (also) in freshwater rivers, 
streams and lakes; some marine taxa have been 
collected from depths to 150 m. Ariid catfishes are 
locally abundant in mangrove areas, large river 
estuaries and turbid waters. 

Biology. Fork-tailed catfishes consume a variety of 
food items including delrital matter and a range of 
invertebrates, plants and fish. Although most species 
are generally omnivorous, some are specialised in 
dietary requirements. Larger individuals often feed 
solely on large Crustacea, molluscs and teleosts. 

The ariid catfishes are renowned for their method 
of reproduction (review: Rimmer and Merrick 1983). 
The females produce few, large (to 20 mm diameter) 
eggs which the male incubates in his buccal cavity after 
fertilisation until the young hatch and the yolk sac is 
resorbed. 


Maximum attainable size ranges from 150 mm SL 
(Nedystoma novaeguineae (Weber)) to about 2 m SL 
(e.g., Hemiarius stormii (Blceker)). 

Classification. About 50 nominal genera have been 
described for the Ariidae (Eschmeyer 1990). The family 
comprises at least 350 nominal species, although valid 
species number about 125. 

The great ichthyologists of the nineteenth century 
(Valenciennes 1840. 1840a; Muller and Troschel 1849; 
Bleeker 1858; and Eigenmann and Eigenmann 1890) 
grouped ariids from different world regions into several 
genera common to all regions. But later authors (e.g. 
Gill 1862: Bleeker 1862: Jordan and Evermann 1896— 
1900; Ogilby 1898: Weber 1913; Whitley 1940, 1941; 
Fowler 1944; Hubbs and Miller 1960) ‘regionalised’ 
the taxa such that new genera were erected largely on 
the basis of the geographical distribution of contained 
species. Consequently, the family is now classified into 
almost independent generic suites in Africa-Asia, 
Australia-New Guinea and the Americas. 

There are inherent problems in interpretation of ariid 
characters due to the conservative phenotype of the 
family’s taxa. Ariids exhibit an overall similarity in 
appearance which is emphasised by uniform 
colouration, habitat preference and biology. When 
considering the status of individuals in a catch of ariids 
- which overall are morphologically similar - most 
taxonomists ‘solved’ the problem of perceived 
differences in individual form by describing a new 
taxon. Early taxonomists were confused by the 
conservative ariid morphology and failed to recognise 
ontogenetic changes; their failure producing a plethora 
of nominal taxa. These earlier classifications extended 
beyond species to genera; and more genera came to 
include fewer species. For example, the 41 nominal 
species known in New Guinea and Australia alone prior 
to my study had been placed in 15 nominal genera: an 
average of 2.7 species per genus. Labile and adaptive 
features were often selected as being systematically 
important: for example, some nominal genera are based 
on characteristics such as lip thickness, mouth size, fin 
filament length, branchiostegal and barbel numbers and 
width of the branchial aperture. 

This is the first attempt to appraise the status of 
nominal ariid genera on a world-wide basis. The status 
and composition of some genera were assessed in 
isolation by earlier workers: Tachysurus Lacepede 
(Jordan and Evermann 1896-1900; Chandy 1953: 
Jayaram 1982); Felichthys Swainson and Ailurichthys 
Baird and Girard (Jordan and Evermann 1896-1900); 
Arius Valenciennes, Galeichthys Valenciennes and 
Ariodes Muller and Troschel (Taylor 1986; Weber and 
de Beaufort 1913: Arius): and Hemipimelodus Bleeker 
(Desoutter 1977). Jayaram and Dhanze (1978) 
attempted a review of ariid genera but there are 
inadequacies in their investigation. Higuchi et aids 
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(1982) question regarding the validity of the inclusion 
of neotropical ariids in the genus Netuma Bleekcr was, 
however, a firm beginning to the process of 
phylogenetic assessment of the family. Marceniuk and 
Ferraris Jr (2003) assessed the status of ariid genera 
and species of South and Central America. 

My major study (Kailola 1990) concentrated on 
Australian and New Guinea (Sahul Shelf) ariids yet 
representatives of almost all nominal ariid genera were 
examined also. The study is based generally on a 
phylogenetic analysis of osteological and 
morphological characters of Australian and New 
Guinean representatives of the Ariidae. The 
osteological and morphological variation recorded 
among those ariids was compared with those of the 
apparently most widespread genus Arms Valenciennes 
(using the type of the genus, A. cuius (Hamilton)) and 
of other nominal ariid genera (Table 1; Appendix A), 
and finally with homologous characters of other 
siluroids (Appendix B). The aims of the study are to: 

1) identify characters useful in a phylogenetic 
analysis of ariids; 

2) confirm the monophyly of the Ariidae; and 

3) investigate the validity of nominal ariid genera 
and identify natural subgroups and phylogenetic 
relationships of ariid taxa, so forming a basis for future 
study on the family. 

MATERIALS AND METHODS 

Fish were collected from rivers and adjacent coastal 
waters of Australia, New Guinea, Asia, Africa and 
America. Most of the fishes collected are registered in 
international collections. However, some fresh 
specimens collected on commercial vessels, on field 
expeditions or in fish markets overseas could not be 
kept. Measurements and observations on them were 
recorded, however. 

Skeletal preparations were made by clearing and 
staining representatives of all New Guinean and 
Australian ariid taxa except for Tetranesodon 
conorhynchus (Weber) (known only from the type), 
representatives of the type species of most ariid genera, 
and other siluroid species (Appendix B). Skeletal 
material of other species was also examined. The 
trypsin digestion methods of Taylor (1967) for single 
staining and Dingerkus and Uhler (1977) for double 
staining were largely employed; muscle tissue of some 
specimens was macerated in potassium hydroxide. Dry 
preparations of skulls and vertebral columns of several 
taxa were prepared by boiling the specimens before 
removing the soft tissue. Specimens were either single 
stained (in alizarin), double stained (in alizarin and 
alcian blue), or examined as dry skeletons. To assess 
intraspecific variation in the form and structure of bony 
tissue in adults and juveniles, several specimens 


representing a graded length range were processed 
whenever possible. Radiographs ot specimens 
unavailable for processing (e.g., types) were also 
examined. Skeletal preparations and/or dry skeletons 
of extralimital (i.e., non Australo-New Guinea) ariid 
taxa and representatives of other catfish families were 
also studied. 

In Appendix A the type species of nominal genera 
are identified, and asterisks indicate material examined 
more thoroughly. Institution acronyms are those of 
Leviton et al. (1985). Submitted to phylogenetic analysis 
were representatives of the type species of ariid genera 
not known to occur in Australia and New Guinea: 
Hemiarius stormii , Bay re bagre, Ailurichthys marinus, 
Hexanematichthys sagor, Sciacles emphysetus, 
Galeiththys feliceps, Guiritinga barbies. Arias arius, 
Ariopsis felis, Ariodes arenarius, Genidens genidens, 
Cathorops hypophthalmus, Hemipimelodus borneensis, 
Cephalocassis melanochir, Batrachocephalus mino, 
Osteogeneiosus militaris and Ketengus typus. The 
character states of Anchariusfuscus were also analysed. 

Synonymies were decided based on the material 
examined by me or by others on my behalf (Kailola 
1990) or by study of definitive descriptions. Nominal 
species recorded in literature as synonyms of others 
are noted for some taxa: either identified specimens 
of these species have not been studied or the species’ 
descriptions are not sufficient to determine their 
status. 

Dates and authorities, unless checked by me, follow 
Eschmeyer (1998, 2003). Literature citations, unless 
seen by me, also follow Eschmeyer (1998, 2003). 

Evolutionary relationships among the ariids were 
inferred using parsimony and the homology of characters 
was assessed. Ninety-two characters in almost all 
nominal ariid genera were identified, but 35 of those 
characters were not included in the phylogenetic analyses 
for reasons identified below. The states of the remaining 
57 characters were scored; polarity was determined 
largely by comparison with an outgroup comprising other 
siluroids (Appendix B) and ostariophysans and primitive 
teleosts. My assessment was supplemented by 
ontogenetic transformation series and character trends. 
Many of the characters employed in the analysis are 
osteological but general morphological and functional 
features were also considered. Unfortunately, the 
character states of some complete features were not 
always treated as independent, and have been scored as 
one character (e.g., swim bladder shape and size, 
presence and shape of gill rakers, modifications of the 
laminar bone over the anterior vertebrae, fin spine shape 
and ornamentation). 

The reasons why I considered particular characters 
to be unusable in the analyses are: (a) they are hard to 
qualify or quantify, either through assessment on 
suboptimal osteological preparations or through 
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Table 1. Nominal genera of the Ariidae, their type species and current taxonomic status (this paper), j.s. = junior synonym; o.s. = 
objective synonym; f = fossil (extinct) group; ms = manuscript name. 


Nominal genus, author, date 

Type species, author, date 

Status 

Aelurichlhys Gill, 1863 

marinus Mitchill. 1815 

j.s. of Bagre 
j.s. of Bagre 

Ailurichthys Baird and Girard, 1854 

marinus Mitchill. 1815 

Amissidens new genus 

hainesi Kailola, 2000 

valid 

Ancharius Steindachner. 1881 

fuscus Steindachner. 1881 

not Ariidae 

Anemanotus Fowler, 1944 

panamensis Gill. 1863 

j.s. of Bagre 

Ariodes Muller and Troschel, 1849 

arenarius Miiller and Troschel, 1849 

j.s. of Arius 

Ariopsis Gill, 1861 

milberti Valenciennes, 1840 


(= j.s. of felis Linnaeus. 1766) 

valid 

Arius Valenciennes, 1840 

arius Hamilton, 1822 

valid 

Aspistor Jordan and Evermann, 1898 

luniscutis Valenciennes, 1840 

valid 

Bagre Cloquet, 1816 

bagre Linnaeus, 1766 

valid 

Batrachocephalus Bleeker, 1846 

ageneiosus Bleeker, 1846 



(= j.s. of mino Hamilton, 1822) 

valid 

Breviceps Swainson, 1838 

bagre Bloch, 1794 

name preoccupied by Breviceps 
Merrem: = Bagre 

Brustiarius Herre, 1935 

nox Herre, 1935 

valid 

Catastoma Valenciennes, 1840a 

based on nasutum Kuhl and van Hasselt, ms 

j.s. of Netuma 

Cathorops Jordan and Gilbert, 1882 

hypophthalmus Steindachner, 1875 

valid 

Cephalocassis Bleeker. 1857 

melanochir Bleeker. 1852 

valid 

Cinetodus Ogilby, 1898 

froggatti Ramsay and Ogilby, 1886 

valid 

Cochlefelis Whitley, 1941 

spatula Ramsay and Ogilby, 1886 

valid 

Cryptarius new genus 

truncatus Valenciennes. 1840a 

valid 

Doiichthys Weber, 1913 

novaeguineae Weber, 1913 

j.s. of Nedystoma 

t Eopeyeria Whitley, 1947 

aegyptiacus Peyer, 1928 

replacement name for Peyeria 
(preoccupied) 

Felichthys Swainson, 1839 

bagre Bloch, 1794 

replacement name for Breviceps 
Swainson; = Bagre 

Galeichthys Valenciennes, 1840 

feliceps Valenciennes, 1840 

valid 

Genidens Castelnau, 1855 

genidens Valenciennes, 1840 

uncertain 

Glanide Agassiz in Spix and Agassiz, 1829 


name not available 

Glanis Agassiz in Spix and Agassiz, 1829 

bagre Linnaeus, 1766 

o.s. of Bagre Cloquet, 1816 

Guiritinga Bleeker, 1858 

commersonii Lacepede, 1803 


(= j.s. of barbus Lacepede, 1803) 

uncertain 

Hemiarius Bleeker, 1862 

stormii Bleeker, 1858 

valid 

Hemipimelodus Bleeker. 1857 

borneensis Bleeker, 1851 

j.s. of Cephalocassis 

Hexanematichthys Bleeker, 1858 

sundaicus Valenciennes, 1840 


(= j.s. of sagor Hamilton, 1822) 

valid 

Ketengus Bleeker, 1847 

typus Bleeker, 1847 

valid 

Leptarius Gill. 1863 

dowii Gill, 1863 

j.s. of Sciades 

Mystus Gray, 1854 

carolinensis Gray. 1854 

not Ariidae 

Nedystoma Ogilby, 1898 

dayi Ramsay and Ogilby. 1886 

valid 

Nemcipteryx Ogilby, 1908 

stirlingi Ogilby, 1898 



(= j.s. of anniger de Vis, 1884) 

valid 

Neoarius Castelnau, 1878 

curtisii Castelnau, 1878 



(= j.s. of graeffei Kner and Steindachner, 1866) 

j.s. of Guiritinga 

Netuma Bleeker, 1858 

netuma Valenciennes, 1840 


(=j.s. of thalassinus Ruppell, 1837) 

valid 

Notarius Gill, 1863 

grandicassis Valenciennes, 1840 

j.s. of Hemiarius 

Osteogeneiosus Bleeker, 1846 

militaris Valenciennes, 1840 

valid 

Pachyula Ogilby, 1898 

crassilabris Ramsay and Ogilby, 1886 

j.s. of Cinetodus 

Paradiplomystes Bleeker, 1862 

coruscans Lichtenstein. 1819 

uncertain 

Pararius Whitley, 1940 

proximus Ogilby, 1898 

j.s. of Netuma 

t Peyeria Whitley, 1940 

aegyptiacus Peyer, 1928 

valid? 

Pimelodus Bleeker, 1864 

bagre Linnaeus, 1766 

name preoccupied; = Bagre 

Plicofollis new genus 

argyropleuron Valenciennes, 1840a 

valid 

Potamarius Hubbs and Miller, 1960 

nelsoni Evermann and Goldsborough, 1902 

valid 

Pseudarius Bleeker, 1862 

arius Hamilton, 1822 

j.s. of Arius 

Sarcogenys Bleeker, 1858 

based on rostratus Kuhl and van Hasselt, 


ms (= thalassinus Ruppell) 

j.s. of Netuma 

Sciadeichthys Bleeker, 1858 

emphysetus Miiller and Troschel, 1849 

j.s. of Sciades 

Sciadeops Fowler, 1944 

troschelii Gill, 1863 

j.s. of Sciades 

Sciades Miiller and Troschel, 1849 

emphysetus Muller and Troschel, 1849 

valid 

Selenaspis Bleeker, 1858 

herzbergii Bloch, 1794 

j.s. of Sciades 

Septobranchus Hardenberg, 1941 

joltannae Hardenberg, 1941 

j.s. of Cinetodus 

Stearopterus Minding, 1832 

bagre Minding, 1832 

may be same as Bagre 
(Eschmeyer, 1990) 

Tachysurus Lacepede, 1803 

sinensis Lacepede, 1803 

nomen dubium 

Tetranesodon Weber, 1913 

conorhynchus Weber, 1913 

j.s. of Cinetodus 
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perceived or suggested changes with ontogeny; (b) the 
character was obscured, damaged or altered by poor 
preservation; (c) assumptions about character states 
were required for different-sized individuals 
unavailable to me: (d) they present no phylogenetic 
information (for example, autapomorphies were 
generally excluded); (e) compared to their successful 
use in phylogenetic reconstruction in other catfish 
families, many characters in the Ariidae are either 
highly labile or very stable, exhibiting only intraspecific 
variation or parallel ontogenetic modifications (e.g., 
caudal skeleton form; shape of vertebral centra); (f) 
the characters are either meristic or morphometric: the 
problem with these characters is that there is no 
disjunction with the outgroup, making it difficult to 
determine polarity (Chernoff 1986); also, morphometric 
characters may be correlated with habitat and diet; and 
(g) ecologically adaptive characters are frequently 
homoplastic and correlated. In the ariids for example, 
mouth size, gut form, lip thickness, gill raker number, 
buccopharyngeal pad development, gill arch papillae, 
form, number and mobility of jaw teeth are all highly 
correlated with diet. Even so, some such characters 
were scored and included in the character matrix for 
analysis (Table 2). 

The 35 rejected characters fall into three 
approximate groups (pp 113-119). Some of the 
equivocal and problematic characters could have 
contributed to a phylogenetic reconstruction. Of these, 
perhaps size or shape of skeletal characters 
(hyomandibular articular facet, fifth parapophyses, 
pelvic girdle, urohyal, parasphenoid alary processes, 
lateral ethmoid, third epibranchial uncinate process and 
supraoccipital). relative neurocranial ossification, form 
of the barbels and lateral line, eye position, and jaw 
tooth numbers, position, and mobility would be useful 
in phylogenetic analysis. Another character which 
perhaps should have been investigated is relative nostril 
shape. For example, the anterior nostril is ‘tear’-shaped 
in Cathorops ; and the posterior nostril is slit-like with 
crenulate margin in Bug re. 

The homology of several bones is debated and 
confused in ostariophysan literature (compare 
Harrington 1955; Weitzmann 1962; Tilak 1963; 
Alexander 1965; Chardon 1968; Patterson 1975; 
Lundberg 1975: Gosline 1975; Arratia 1987). 
Clarification of bone homologies was beyond the scope 
of this study and so the nomenclature used here mainly 
follows that of Fink and Fink (1981) (who reviewed 
most of the ostariophysan skeleton) supplemented with 
observations and alternatives offered by Patterson 
(1975), Jollie (1986). Grande (1987), Schaefer (1987) 
and Vari (1989). Fink and Fink (1996) reviewed more 
recent literature relevant to interrelationships within 
major ostariophysan subgroups, particularly 
concentrating on the homology of bones (and some 
other structures). 


Multistate character coding was performed for 78 
taxa (including 24 outgroup taxa) using six states 
(0-5) with '?’ for missing data. The matrix is presented 
as Table 2. The matrix was analysed using PAUP* 
version 4, beta 10 (Swofford 2002). Characters were 
unordered and of equal weight, a heuristic search and 
TBR (tree-bisection-reconnection) branch swapping was 
used, and the maximum number of trees was set at 500. 

My initial (pre 1990) phylogenetic analyses were 
made using PAUP version 2.4.1 (Swofford 1986), 
which cannot handle more than 50 operational 
taxonomic units (Kailola 1990). Hence, several taxa 
featuring in the revised family structure I present below 
were not included in the original PAUP analysis (e.g., 
Hemiarius sona, Aspistor species, some Sciades 
species, Cnchlefelis burmanicus) and 1 propose their 
status based on examination of whole and/or skeletal 
material and reliable literature. Of course this method 
is not ideal. However, it is the only one I now have 
available to complete a reasonable picture of the family: 
later researchers may care to prove or disprove my 
hypotheses. 

Abbreviations used are: standard length = SL; head 
length = HL; cleared and stained = C&S; Br = 
branchiostegals; ESA = elastic spring apparatus; OTU 
= Operational Taxonomic Unit; HTU = Hypothetical 
Taxonomic Unit; RHS = right hand side; LHS = left 
hand side. A ‘f ’ sign before a name indicates that it is a 
fossil (extinct) group. The generic name standing alone 
refers to the type species of the genus. Vertebral counts 
are in the form of: anterior vertebral complex + thoracic 
vertebrae (open haemal arch) + haemal vertebrae 
(closed haemal arch with forked spine) + caudal 
vertebrae (closed haemal arch with unforked spine). 

RESULTS AND DISCUSSION 

Characters useful in a phylogenetic study of the 
Ariidae. Character recognition is a problem in the 
Ariidae and other catfish groups because of the overall 
lack of information on catfish biology and functional 
and descriptive morphology. Yet to enable meaningful 
application of phylogenetic methods to hypotheses of 
evolutionary relationships in the Ariidae, several 
intrinsic problems pertaining to character choice had 
to be addressed. Fortunately, problems in ascertaining 
character homology rarely arose in the Ariidae (fin 
spine form, neurocranial ossification and palatal 
dentition may be exceptions), although homologues 
in the outgroup (of other siluroids) were sometimes 
not so clear-cut. Another problem was that posed by 
incorporating correlated characters into a phylogenetic 
analysis, and ariids possess a number of correlated 
characters (e.g., those pertaining to the trophic and 
habitat requirements). Felsenstein (1982) pointed out 
that the effect of correlated characters can be to 
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Table 2. Character data matrix. Coded states are identified for 57 characters for Sahul Shelf ariids (Ariopsis midgleyi and Ariopsispaucus 
combined as one taxon), extralimital ariids and outgroup taxa. 


Species Characters 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

11 

14 

15 

18 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

2) 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

Sita spp. 

0 

1 

0 

0 

0 

0 

0 

0 

1 

1 

7 

1 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

1 

2 

0 

0 

l 

1 

5 

7 

0 

7 

7 

0 

0 

2 

1 

1 

1 

1 

1 

2 

1 

1 

0 

7 

7 

7 

1 

? 

? 

0 

3 

2 

1 

7 

Pimelodus blochii 

0 

0 

0 

1 

l 

0 

0 

0 

1 

1 

7 

0 

1 

l 

0 

0 

0 

3 

l 

1 

7 

1 

0 

0 

1 

0 

l 

l 

0 

0 

2 

0 

7 

7 

1 

7 

0 

1 

1 

1 

1 

1 

2 

1 

1 

0 

7 

7 

7 

1 

7 

? 

0 

2 

2 

l 

9 

Rhamdia spp. 

0 

0 

0 

0 

0 

0 

0 

0 

2 

1 

7 

2 

1 

l 

0 

1 

1 

1 

l 

2 

0 

0 

0 

0 

1 

0 

2 

l 

0 

0 

1 

0 

7 

7 

1 

7 

0 

1 

1 

1 

1 

1 

2 

0 

1 

0 

? 

7 

7 

1 

7 

7 

0 

4 

2 

1 

7 

Anadoras grypus 

0 

2 

2 

0 

0 

0 

0 

1 

1 

1 

7 

7 

0 

0 

1 

3 

0 

2 

7 

3 

0 

2 

0 

1 

2 

0 

? 

0 

2 

4 

1 

0 

7 

7 

1 

7 

0 

1 

1 

7 

1 

9 

7 

1 

1 

0 

? 

7 

7 

1 

7 

7 

1 

4 

7 

0 

7 

Pterodoras sp. 

0 

2 

2 

0 

0 

0 

0 

1 

1 

1 

? 

7 

7 

0 

1 

3 

0 

2 

7 

3 

0 

2 

0 

1 

2 

7 

7 

0 

0 

0 

1 

0 

7 

7 

1 

7 

0 

1 

1 

? 

1 

7 

7 

1 

1 

0 

7 

7 

7 

1 

? 

7 

1 

4 

0 

0 

7 

Neosilurus sp. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

7 

1 

0 

3 

0 

1 

0 

i 

t 

3 

0 

2 

0 

1 

2 

0 

2 

1 

? 

4 

0 

0 

7 

1 

0 

0 

4 

1 

1 

1 

1 

1 

2 

3 

5 

2 

0 

7 

? 

1 

7 

7 

0 

4 

2 

l 

7 

Mystus sp. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

7 

2 

7 

3 

7 

0 

7 

i 

i 

7 

7 

0 

7 

7 

1 

1 

1 

1 

1 

0 

1 

0 

7 

7 

0 

0 

2 

1 

1 

1 

1 

1 

? 

0 

1 

2 

0 

7 

7 

0 

0 

0 

0 

4 

1 

1 

7 

Schilbe nystus 

0 

0 

0 

0 

0 

0 

0 

0 

2 

1 

7 

1 

7 

3 

7 

7 

7 

0 

0 

7 

0 

0 

7 

7 

1 

0 

0 

2 

9 

9 

9 

9 

9 

9 

0 

0 

7 

7 

7 

7 

1 

1 

7 

7 

1 

1 

0 

7 

7 

0 

0 

0 

3 

5 

2 

l 

7 

Pangasius hypopbtbalmus 

0 

0 

0 

0 

7 

1 

0 

? 

0 

1 

7 

0 

7 

7 

0 

0 

7 

3 

0 

7 

0 

7 

0 

0 

7 

1 

0 

7 

2 

3 

7 

7 

7 

7 

0 

0 

7 

1 

0 

7 

7 

1 

0 

0 

1 

9 

9 

9 

9 

9 

9 

9 

0 

5 

7 

l 

7 

Chrysichthys auratus 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

7 

2 

7 

i 

7 

7 

7 

0 

7 

7 

0 

1 

0 

0 

2 

0 

2 

0 

9 

9 

9 

9 

9 

9 

0 

0 

7 

7 

7 

7 

1 

1 

? 

0 

1 

1 

1 

7 

7 

1 

7 

7 

0 

7 

i 

l 

7 

Bagrichthys macropterus 

0 

0 

0 

0 

0 

0 

0 

0 

2 

1 

7 

2 

7 

0 

7 

7 

7 

0 

7 

7 

0 

7 

0 

0 

2 

1 

2 

1 

0 

4 

7 

0 

7 

7 

0 

0 

7 

7 

? 

1 

1 

1 

7 

0 

1 

1 

0 

? 

7 

1 

7 

7 

1 

3 

2 

l 

7 

Synodontis macrostigma 

0 

0 

2 

0 

0 

0 

0 

1 

0 

1 

7 

1 

7 

0 

7 

7 

7 

0 

7 

7 

0 

1 

7 

7 

2 

1 

2 

0 

0 

0 

7 

9 

7 

7 

1 

7 

7 

7 

7 

1 

1 

0 

7 

? 

1 

0 

7 

? 

7 

1 

? 

9 

1 

7 

2 

7 

7 

Bagrus docmak 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

7 

2 

7 

1 

7 

0 

7 

2 

0 

7 

0 

1 

0 

7 

2 

1 

2 

9 

? 

7 

7 

7 

0 

? 

0 

0 

2 

? 

7 

1 

1 

1 

7 

0 

1 

1 

0 

7 

7 

0 

0 

0 

3 

5 

2 

i 

7 

Ictalurus punctatus 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

7 

2 

7 

1 

7 

7 

7 

0 

0 

7 

0 

7 

0 

9 

2 

1 

1 

l 

7 

7 

7 

7 

7 

1 

0 

0 

7 

7 

7 

1 

1 

1 

7 

2 

1 

2 

0 

7 

7 

1 

7 

? 

0 

3 

1 

i 

7 

Noturus flavus 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

7 

0 

7 

3 

7 

7 

7 

0 

7 

7 

0 

1 

0 

1 

2 

1 

0 

2 

9 

9 

9 

9 

9 

1 

0 

0 

7 

7 

7 

1 

1 

1 

7 

2 

5 

1 

0 

7 

7 

1 

7 

? 

0 

2 

2 

1 

7 

Pylodictus olivaris 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

7 

1 

7 

3 

7 

7 

7 

0 

7 

7 

0 

1 

0 

7 

2 

1 

0 

1 

7 

7 

7 

? 

7 

1 

0 

0 

7 

7 

7 

1 

1 

1 

7 

4 

1 

1 

0 

7 

7 

1 

7 

7 

0 

2 

0 

i 

7 

Parasilurus asotus 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

7 

1 

7 

3 

7 
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produce quite different interpretations in tree 
reconstruction. Detecting these characters all too 
frequently depends on functional analysis of the study 
group, a task that has been largely ignored in the 
Siluriformes. Furthermore, Maddison et al. (1984) 
drew attention to the problem that characters that are 
labile in an outgroup may be equally labile in the 
ingroup and so cannot confidently be used to resolve 
the ingroup. Hence, recognition of reliable, 
independent, non-osteological characters proved to be 
a particularly vexing problem. Some characters I 
analysed were not used in phylogenetic 
reconstructions using PAUP. 

Ninety-two characters were assessed. The first 57 
were used for phylogenetic analysis although some of 
them are correlated or ecologically adaptive (e.g., 
extent of the gill openings, relative development of 
buccopharyngeal tissue, swim bladder shape, and 
presence of rakers along the back of the gill arches), 
sixteen are relevant to an assessment of the whole 
family (see below), and others are possibly 
autapomorphic (e.g., shape of particular bones, such 
as lachrintal and mesethmoid). Even so, those adaptive 
characters included in the phylogenetic analysis are 
obvious and characteristic taxonomic features. 

Thirty-five characters investigated but not used in 
the analyses are listed after the list of characters used, 
albeit some of them potentially could lend support to 
identified relationships. The basis for their rejection in 
the analyses was my attempt to determine homoplasies 
beforehand, through the process of character weighting 
during earlier analyses (Kailola 1990). Following 
Arnold (1981), those characters that are more internal ly 
consistent, extensive and complete were weighted more 
heavily than were characters that show great 
intraspecific variability, are affected by ecological 
shifts, are difficult to score, are present in distantly- 
related taxa, and/or appear to be highly labile in both 
outgroup and ingroup. 

Monophyly of the Ariidae. The monophyly of the 
Ariidae is established by the combination of the 
following characters: the habit of oral incubation 
(Character 1); the absence of a mesocoracoid (a derived 
character state shared with other taxa (Doradidae, 
Mochokidae)); the frontal and mesethmoid meeting at 
a minimum of two sites (except in Ketengus: one site); 
possession of strong pelvic musculature, a naked body 
and large otolith; and formation of an aortic tunnel, 
homologous elastic spring apparatus (ESA) and 
extended epioccipital and absence of a supraneural 
(except in Galeichthys , these four characters). Even so, 
some of these character states are frequently present in 
the Pimelodidae. 

Another four characters (synapomorphies) are 
presumed to support monophyly. These characters were 
not included in the analysis. They are listed below. 


Epidermal viscous mucus secretions. These 
secretions are unaffected by thiols, have heat-labile 
protease (sensitive red blood cell lytic factor) and a 
protein factor that accelerates clotting of plasma. Such 
features are not present in the secretions of other 
catfishes (Di Conza 1970; Al-Hassan et al. 1985). The 
mucus from Arius is a unique secretion of physiological 
importance and appears to be a novel anti-predatory 
adaptation (Al-Hassan et al. 1985). This secretion may 
be a modified fright substance (Pfeiffer 1977; Fink and 
Fink 1981). 

Maximal consolidation of the anterior vertebrae. 
Up to three and four subsequent vertebrae are firmly 
articulated with the complex vertebra in ariids, on 
average more than in any other siluroid family 
(Bhimachar 1933; Howes 1983; Tilak 1965; Roberts 
1973; pers. obs.). The number of rigidly-united 
vertebrae is largely associated with the length of the 
specimen, the investing (laminar) bone gradually 
extending backward with age (and see Regan 1911). 
Although Taylor (1986) used the extent of laminar bone 
to partly diagnose Galeichthys , in general this is not a 
sound character. 

Exceptionally firm articulation of the vertebral 
column (and therefore the trunk) with the skull. 
(Bhimachar 1933; Tilak 1965). In addition to the normal 
attachment of the first vertebra centrum with the skull, 
the ariids exhibit firm unification at the subvertebral 
cone, the epioccipital flange and the transverse process 
of the fourth vertebra, the neural process of the fourth 
vertebra with the supraoccipital and the exoccipital 
above the foramen magnum (Bhimachar 1933). 
Mahajan (1966) concluded that a solid connection of 
the vertebral column with the skull led to a more 
efficient functioning of the sound-producing apparatus 
in the Sisoridae; an apomorphy which may well hold 
true for the Ariidae. 

Precocial larvae. Among catfishes, only the Ariidae 
and the Loricariidae produce such larvae, with the large 
young resembling the adult in every aspect of external 
morphology yet retaining a large yolk sac. Such a 
developmental feature is a significant specialisation 
over many catfish families whose larvae are atricial 
(Fuiman 1984). 

Monophyly is also suggested by fin ray number and 
genetic studies. In all taxa the dorsal fin consists of a 
spinelet, a spine and seven branched rays; the caudal 
of 15 (7+8) branched and two unbranched principal 
rays; and the pelvic fin of six branched rays. Studies 
on the DNA complement (LeGrande 1980) and 
karyotype of several ariid taxa (Fitzsimmons et al. 
1988) have revealed features suggesting monophyletic 
grouping; e.g., high DNA complement per cell, 
chromosome number and arm length. 

The status of Ancharius as an ariid merits attention. 
The phylogenetic analysis performed here casts doubt 
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on the position of Ancharius within the family Ariidae 
(Fig 15). This taxon possesses an open aortic canal, 
low auditory bulla and reduced otolith, an unproduced 
epioccipital. short and fine nasal barbels (fringed in 
A. brevibarbis ), a supraneural before the nuchal plate 
and an expanded Mullerian ramus. Ancharius has a 
close affinity with the Mochokidae and it is prudent to 
remove it from the Ariidae. Indeed, Glaw and Vences 
(1994; in Ferraris Jr and de Pinna 1999) listed 
Ancharius as the type genus of the family Anchariidae. 

Character states and their assigned (inferred) 
polarities. In view of the poor definition of ariid 
features in systematic literature and the often flimsy 
bases for generic nomination, clear character 
descriptions and evaluations are needed. A real 
contribution to a future, broader assessment of the 
family’s relationships in the suborder Siluriformes can 
be made by redescribing homologous and uniquely 
derived features of ariid morphology along the lines 
established by recent studies of other siluroids. 
Furthermore, comparison of homologous characters and 
ecological adaptations with those of other siluroids 
provides additional evidence for the role of 
environment in speciation. 

1. Oral incubation - low fecundity. Within the 
Siluriformes, the habit of orally incubating eggs and 
young is unique to the Ariidae and some Bagridae (Ochi 
et al. 2002). Oral incubation in the Ariidae is well 
described for many genera (Rimmer and Merrick 1983; 
Rimmer 1985) and the presence of few, large-sized ova 
in mature females clearly indicates the phenomenon of 
parental care (Oppenheimer 1970). Ochi et al. (2002) 
reported that eggs brooded in the mouth of male 
Lophiobagrus aquilas were adhesive and attached to 
each other in a mass, while the eggs brooded by male 
Ariidae and both parents in two species of the bagrid 
genus Phyllonemus Boulenger are individually 
separated. For the Ariidae. this statement is not correct, 
as is the authors’ supposition that eggs clumped 
together are liable to heavier predation at spawning, 
and that males incubate egg masses because they can 
more quickly take them into their mouth than can 
females. As Dmitrenko (1974) has demonstrated, and 
many others (including self) have witnessed, adult 
ariids are able to scoop up the single bundle of adhesive 
eggs in one movement, and the eggs being clumped 
together is an advantage as this prevents individual eggs 
from being lost in the water currents, or buried in the 
silt or debris of the substrate. Once in the male’s mouth, 
enzymes break up the binding mucus, so enabling the 
male to turn the eggs around in his mouth for 
oxygenation and even development (refer Rimmer and 
Merrick 1983). Furthermore, the reason only male ariids 
incubate is not that they are quicker at picking up the 
egg mass but because they have a sufficient fat store to 
tide them over the required 4-6 week incubation period 


(see also Rimmer (1985) and Rimmer and Merrick 
(1983)). Females do not have the body condition for 
such a long incubation period, their energies having 
been used up in growing the large eggs. 

Parental care not involving oral incubation is 
practised in some other catfish families, such as the 
Loricariidae, Aspredinidae and Ictaluridae; also 
Bagridae (Breder 1935). 

State 0 = oral incubation not practised; 1 = oral 
incubation practised. 

2. Mesocoracoid. The mesocoracoid is absent from 
the pectoral girdle of the Ariidae, Bunocephalinae 
(Aspredinidae) and Doradidae (Regan 1911; Tilak 
1965; Greenwood et al. 1966). In Rita (Bagridae) this 
bone is represented by a short hook-like process (Bailey 
and Stewart 1984; pers. obs.). Loss of the mesocoracoid 
is a derived feature as it is present in all other siluroids, 
including the tHypsidoridae and Diplomystidae. 

State 0 = mesocoracoid present; I = mesocoracoid 
incomplete; 2 = mesocoracoid absent. 

3. Epioccipital extension. In the Ariidae, the 
epioccipital is produced posteriorly into a long process 
which articulates more or less with the dorsal aspect 
of the superficial laminar bone of the anterior fused 
vertebrae (Fig. 2); albeit in Galeichthys the bone is only 
slightly produced and does not contact the laminar bone 
of the anterior fused vertebrae. The only other siluroids 
sharing the derived state of the epioccipital extension 
are the Auchenipteridae and the doradid genus 
Pterodoras (Regan 1911;Gosline 1975; Curran 1989). 
although the form of the bone posteriorly in these taxa 
is not homologous with that in the ariids. 

4. Aortic tunnel. In almost all ariids, the superficial 
bone of the complex and other anterior vertebrae 
spreads over the aortic canal, so forming a tunnel. In 
Ancharius, the aortic canal remains open; in 
Galeichthys the tunnel is partial or absent. In the few 
small ariid specimens examined (less than 50 mm SL; 
three species) the canal is open. Concealment of the 
canal in adults - often by a thick sheet of bone - appears 
to be derived within the catfishes. Only in Pimelodus 
(outgroup material) and eleven other pimelodid genera 
(Howes 1983) is the canal largely concealed. 

State 0 = open aortic canal at all stadia; I = aortic 
canal partially closed in adult; 2 = aortic canal 
completely covered to form a tunnel in all stadia beyond 
mouth juveniles. 

5. Supraoccipital — nuchal plate articulation. The 
primitive condition in catfishes is the presence of one 
or more supraneurals between the nuchal plate and the 
supraoccipital (Arratia 1987; Grande 1987). The 
supraneural is prominent in bagrids, many pimelodids 
(J. Lundberg pers. comm.), doradids and Synodontis 
(outgroup material). In all ariids except Galeichthys, 
the supraneural is not exposed in the dorsal surface 
and the supraoccipital rigidly articulates with the nuchal 
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Fig. 2. Posterolateral view of Cephcdocassis bonieensis neurocranium, showing epioccipital extending over laminar bone of anterior 
vertebrae (123 mm SL). 


plate. Only Pimelodus in the outgroup material shares 
this derived condition. 

State 0 = supraoccipital-nuchal plate connection 
interrupted by a supraneural; 1 = supraoccipital 
articulates directly with nuchal plate. 

6. Lateral ethmoid - frontal articulation. In the vast 
majority of catfishes the lateral ethmoid articulates with 
the frontal by one facet. The Ariidae and Pangasiidae 
exhibit a derived condition within the Siluriformes in 
which there arc two facets: articulations of two processes 
from each bone. In the Ariidae the median arm of the 
frontal articulates with the lateral ethmoid and 
mesethmoid, and the lateral arm of the frontal articulates 
with the lateral ethmoid wing (Fig. 3). The sturdiness 
and length of the lateral arm varies within the family, 
from thin and long to very stout and short. There is some 
intrafamilial variation however: Ketengus possesses only 
one frontal-lateral ethmoid connection; and in Bagre a 
long process from the mesethmoid makes a third 
posterior connection with the frontal. 

State 0 = single lateral ethmoid-frontal articulation; 
1 = at least dual articulation. 

7. Otolith size and auditory bulla. The auditory bulla 
and lapillus otolith are exceptionally large in ariids (not 
so large in Galeichthys). The bulla is formed by 
swelling of part of the prootic, pterotic and exoccipital. 
Characiforms also have a pronounced bulla (Fink and 
Fink 1981). Ail other catfishes have a much reduced 
otolith and bulla when compared with the ariids (e.g., 
Regan 1911; Chardon 1968; pers. obs.). Ancharius has 
a reduced otolith and shallow bulla. 

State 0 = moderate to small otolith and bulla; 1 = 
enlarged otolith and bulla. 

8. Elastic spring apparatus (ESA). All ariids except 
Galeichthys (Kulongowski 2001) possess a set of 


muscles connecting the anterolateral arm of the 
Mullerian ramus (see below) to the neurocranium and 
anterior vertebrae. This system forms an ESA (or 
mechanism) which functions to produce a gas 
resonance in the swim bladder. Tavolga (1962) 
presented an excellent description and functional 
analysis of the ariid ESA; Alexander (1965), Howes 
(1983) and Fink and Fink (1996) suggested possible 
homology and phylogenetic implications. 

An ESA is found in several catfish families (Regan 
1911; Howes 1985; Curran 1989): Doradidae (then 
including the Agcneiosidae and Auchenipteridae), 
Mochokidae, Malapteruridae and Pangasiidae, as well 
as the Ariidae. Royero (1988) believed that the ESA is 
structurally homologous in all of these families except 
in the Pangasiidae and Malapteruridae (and see 
comment in Curran 1989). 

State 0 = ESA absent or independently derived; 1 = 
ESA present, homologous structure. 

9. The Mullerian ramus. The Mullerian ramus is the 
anterior limb of the fourth vertebral parapophysis (or 
transverse process). In the Ariidae (except Galeichthys ) 
it is free from the supracleithrum and curves ventrad 
to contact the tunica externa of the swim bladder 
(Fig. 4). 

A relatively primitive, smoothly curved configuration 
of the transverse process lamina is present in the Ariidae, 
the Diplomystidae, Ictaluridae, fHypsidoridae (Grande 
1987), some Bagridae and Pimelodidae (Lundberg and 
McDade 1986). However, variation occurs in these 
families. For example, in Hemiarius insidiator. the ramus 
is abbreviated and angular, and it is comparatively long 
in Hemiarius dioctes, Amissidens n. gen. hainesi, 
Cinetodus froggatti, C. carinatus, C. crassilabris, 
Ariopsis midgleyi , Nemapteryx augustus and Nedystoma 
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Fig. 3. Arius arius. A, Dorsal view of neurocranium and infraorbitals (190 mm SL); B, enlarged view with nasal bone omitted (112 mm SL). 


elastic spring 
apparatus 



Fig. 4. Ventrolateral view of posterior part of right side of skull of Arius arius (112 mm SL). 
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dayi. In other siluroids (such as Ancharius and 
Synodontis (Mochokidae), the ramus is much expanded 
and disc-like. 

State 0 = ramus tip expanded; 1 = tip truncate to 
moderately attenuated, slightly curved; 2 = tip very 
attenuated, well curved. 

10. Subvertebral cone. The laminar bone over the 
first and complex vertebrae is well elevated 
anteromedially in Schilbe and the plotosid Neosilurus, 
and low in most other catfishes. Only the Ariidae have 
a sheet of bone concealing the fusion of the 
basioccipital and the anterior vertebral complex 
(Fig. 5). The first vertebra is completely (or almost) 
concealed and the laminar sheet forms a ‘subvertebral 
cone’ at the fusion site, a condition I consider derived. 

State 0 = subvertebral cone present; 1 = cone absent. 

11. Subvertebral cone shape and size. A strong 
suture unites the basioccipital and the laminar bone to 
form the subvertebral cone, which projects in varying 
degrees. The tip may be bifurcate and is often cartilage- 
covered. In the genera Galeichthys, Ancharius and 
Bagre the subvertebral cone is low, with a deep median 
excavation (aortic tunnel incomplete) in the first two 
taxa. In taxa having a low cone, the basal aortic foramen 
opens downward. With increasing length and expansion 
of the cone, the foramen comes first to open obliquely, 
then to open forward from a position in the angle at 
the anterior base of the cone. 

Whereas the subvertebral cone is Hat in some taxa 
(e.g., Bagre bagre), in most it is moderately elevated. 
The cone attains its most extreme development in 
Cathorops, Cephcilocassis, Nernapteryx armiger, 


Cinetodus, Nedystoma dayi and N. novaeguineae. I 
consider this high, stout cone as the apomorphic 
condition. 

State 0 = low subvertebral cone; 1 = moderately 
elevated cone; 2 = well elevated, strong cone. 

12. Fourth neural spine - epioccipital flange. The 
transverse process of the complex centrum is broadly 
expanded in a horizontal plane and it and the fused 
neural arches form a roof over the neural canal (Fig. 6). 
Tilak (1965) placed considerable importance on the 
disposition and height of the ridges or laminae on the 
dorsal surface of the so-formed ‘pars sustentaculum’. 
The flanges of the fourth neural arch may function as a 
strut in support of the dorsal fin-skull articulation. 

There are four general groups of laminae form: 

1) In Arius arias the lateral ridges and the forward 
ridges (or laminae) of the fourth neural spines are low 
and concave. However, in some taxa the lateral ridge 
is high, extending half-way up the neural spine, and in 
several other taxa the lateral ridge is moderately 
elevated. Cathorops has an exceptionally high 
transverse lamina. 

2) The forward ridge from the fourth neural spine 
to the third is moderately elevated to very high in some 
ariids. 

3) Whereas the posteromedian flange of the 
epioccipital attaches to the dorsal surface of the 
complex centrum or its lamina in most ariids, in some 
taxa it abuts the lateral ridge or lamina of the fourth 
neural spine and may be very well elevated. 

4) Several taxa (e.g., Cinetodus froggatti , 
Galeichthys, Aspistor kessleri and Bagre marinas) have 



Fij>. 5. Relative size of subvertebral cone in A, Ariopsis coatesi, 237 mm SL; B, Ariopsis robertsi, 108 mm SL; and C, Cinetodus 
crassilabris, 136 mm SL. 
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supraoccipital 



supracleithrum 


epioccipital 


Fig. 6. Fourth neural spine and epioccipital flange in some ariids: A, Netumaproxiinus, 158 mm SL; B, Aspistor hardenbergi, 60 mm SL: 
C, Nemapteryx anniger , 176 mm SL; D, Nedystomci dayi, 158 mm SL. 


a median lamina extending from the ventral surface of 
the supraoccipital. 

The plesiomorphic condition for these four groups 
appears to be low ridges or laminae, a feature present 
in diplomystids, t Hypsidoris and many other catfishes. 
Howes (1985) remarked that the space between the 
cranium and the fourth neural spine has almost 
disappeared in advanced siluroids. Lundberg and 
McDade (1986) and Ferraris Jr (1988) reported that 
the elevated lamina is also found in some pimelodids 
and bagrids, and my outgroup material supports these 
observations; while the laminae are low in Synodontis 
and Pimelodus. In doradids. only conditions 1) and 2) 
seem to be present - not the epioccipital, condition 3). 
Rita (Bagridae) has a very high transverse ridge. 

Lundberg (1982) implied that the vertical lamina is 
a phenomenon associated with large species size (i.e., 
for strength) but this supposed correlation is not 
supported in the Ariidae where it occurs in taxa 
attaining quite a range of maximum sizes (e.g., from 
Nedystomci dayi to Netuma thalassinus ); neither is it 


evident in some taxa with thicker and heavier bones 
(e.g., Batrachocephalus). 

State 0 = low ridges or laminae; 1 = moderately 
elevated ridges; 2 = well-elevated to high laminae or 
flanges. 

13. First pharyngobranchial. There are four 
separate, ossified pharyngobranchials of similar length 
in the Diplomystidae (Arratia 1987) and Rita (pers. 
obs.): this is the supposed primitive condition. Many 
catfish families have three pharyngobranchials (e.g., 
Schilbeidae (Tilak 1964), some Bagridae (Tilak 1965a; 
Skelton 1981)) and others have two (e.g., sonic 
Plotosidae (Tilak 1963), Sisoridae (Tilak 1963a). 
Amblycipitidae (Tilak 1967), Trichomycteridae 
(Arratia and Menu-Marque 1984), Loricariidae 
(Schaefer 1987) and Chacidae (Brown and Ferraris Jr 
1988)). Of the outgroup material. Rita and Neosilurus 
have a long, basally situated first pharyngobranchial 
and a cartilaginous second pharyngobranchial. The 
Pimelodidae have a similar second pharyngobranchial, 
but the first pharyngobranchial in Pimelodus is long 
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and situated midway along the epibranchial, in 
Rhamdia it is short and at the epibranchial angle. The 
position of the first pharyngobranchial has systematic 
importance in the Pimelodidae (F. Mago-Leccia pers. 
comm.). The Doradidae appear to lack the first 
pharyngobranchial and often the second, which is 
cartilaginous (C. Ferraris Jr, pers. comm.). 

Most ariids have three pharyngobranchials: the first 
elongate (ovate in the group of species including 
Plicofollis n. gen. argyropleuron), lying parallel and 
dorsal to the first epibranchial; the third rectangular to 
‘v’-shaped, lying between the second and third 
epibranchials; the fourth almost square, between the 
third and fourth epibranchials and forming a base for 
the tooth plate. I could not distinguish easily an 
autonomous second pharyngobranchial between or 
before the contiguous cartilaginous ends of the first 
two epibranchials in any ariids I examined, but it may 
be present in Bagre marinus (pers. obs.). The position 
of the first pharyngobranchial varies in the ariids and a 
trend to lose this element is evident. Expressions of 
this character similar to those in the Ariidae appear to 
have arisen independently within the siluroids. 

State 0 = first pharyngobranchial situated close to 
distal end of epibranchial; 1 = first pharyngobranchial 
situated along shaft of epibranchial or near epibranchial 
angle; 2 = first pharyngobranchial missing or united 
with epibranchial at its expanded angle. 

14. Posterior cleithral process. The posterior 
cleithral process (or ‘humeral process’) is present and 
well-developed in diplomystids, ictalurids (Lundberg 
1982), bagrids, t Hypsidoris, other ‘diverse neotropical 
catfishes’ (Stewart 1986: 669) and the auchenipterids 
and doradids (Curran 1989). In t Hypsidoris it is long 
and ornamented (Grande 1987; Grande and de Pinna, 
1998); in Rita and Bagrichthys the process is very large 
(Bhimachar 1933; pers. obs.); in t Astephus 
(Ictaluridae) it is long and sculptured (Grande and 
Lundberg 1988); in the doradids and mochokids 1 
examined it is long and smooth or tuberculated. The 
pimelodids, Scliilbe. plotosids, silurids and Pangasius 
have a medium to short process. In Brochis and 
Dianema (Callichthyidae) the process is very extensive. 

The long and unornamented form of the posterior 
cleithral process is probably the most plcsiomorphic 
condition (Lundberg 1982), being common among 
catfishes (see above). Lundberg believed that 
alternative conditions are derived independently (and 
see Bailey and Stewart 1984). 

Most ariids have a moderately large, often rugose 
posterior cleithral process, usually anteroventrally 
thickened; although in some (e.g., Netuma) it is 
somewhat broad. The extremes are displayed in 
Cinetodus froggatti where it is very long, almost 
horizontal and strong, and Nedystoma dayi and 
Cathorops where it is very short. In some taxa (e.g., 


cf. Arius harmandi) the process is striated, and in others 
(e.g., Arias leptonotacanthus) it is rough and pitted. In 
Galeichthys the posterior cleithral process is fan¬ 
shaped. 

State 0 = process long; 1 = process moderately long; 
2 = process fan-shaped; 3 = process short. 

15. Eye covering. Arratia (1987) cited examples of 
siluroids having either covered or naked eyes and 
observed that the traits can vary within the one family. 
The diplomystids have a naked eye as do most ariids 
and most bagrids but some pimelodids lack a free eye 
margin (Gosline 1941; Mees 1974; Stewart 1986a; 
Lundberg et al. 1991); as do the silurid and doradid 
taxa in my outgroup material. Bailey and Stewart (1984) 
concluded that the loss of a free orbital rim in the 
African bagrid Bathybagrus was apomorphic. 

The primitive ostariophysan condition is one of a free 
orbital rim (Lundberg 1982; Lundberg and Mago-Leccia 
1986) and the covered eye of several unrelated lineages 
probably has developed in response to habitat preference. 
For ariids, I concur with these opinions. However, the 
fallibility of proposed phylogenetic relationships are 
demonstrated in the Siluridae, in which Kobayakawa 
(1989) considered the covered eye as plesiomorphic as 
that is the condition in her outgroup of Bagridae, 
Ictaluridae and Plotosidae, while Bornbusch (1995) 
considered that a free orbital rim represents the 
plesiomorphic condition in the same tamily. 

State 0 = naked eye - free (or almost) orbital rim; 1 
= subcutaneous eye. 

16. Extent of gill opening. Several character states 
are exhibited by the Ariidae in the freedom of the 
branchiostegal membrane and the extent of the gill 
opening. In some taxa (e.g., Hemiarius dioctes, 
Nedystoma novaeguineae, Brustiarius nox) the gill 
openings extend well forward on the isthmus, the 
branchiostegal membrane margins are broad and free, 
meet medially in an acute angle, or overlap. In other 
taxa (e.g., Ariopsis graeffei, A. leptaspis, A. felis) the 
openings are moderately wide and the broad, free 
membranes meet on the isthmus at approximately a 
right angle; or they may form an obtuse angle or 
concave fold. The third state (in, e.g., Cinetodus 
froggatti, Amissidens n. gen. hainesi, Nedystoma dayi, 
Ketengus typus) is where the gill openings extend only 
to the sides of the isthmus or slightly further with the 
narrow-margined membranes joining broadly across the 
isthmus, or the membranes folding into the isthmus. 

Gosline (1973) discussed and contrasted the 
opercular ‘sleeve’s’ function during inspiration and 
expiration in large-mouthed and smaller mouthed 
catfishes. The conditions he described occur in the 
Ariidae where the size of the gill openings is well- 
correlated with head height and mouth width. 

The usual plesiomorphic condition among catfishes 
is of an unrestricted gill opening. Lundberg (1982) 
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observed that branchiostegal membranes fusing with 
each other across the throat is an apomorphy, but one 
which has arisen independently in several catfish 
lineages, such as doradids, auchenipterids, callichthyids 
and aspredinids (Alexander 1965; Mees 1974; pers. 
obs.). Armbruster (1998) however, considered that 
restricted gill openings are plesiomorphic in the 
loricariids. I consider a restricted gill opening the 
advanced condition in the Ariidae. 

State 0 = wide gill openings, branchiostegal 
membranes meeting well forward, overlapping; 1 and 
2 = moderately wide or less wide gill openings, 
membranes meeting at an acute or obtuse angle 
(concave); 3 = restricted gill openings. 

17. Buccopharyngeal pads or flaps. Nedystoma dayi 
is distinguished in systematic literature partly by the 
large pads or Haps hanging from the rear of the buccal 
cavity and attached to the posterodorsal aspect of the 
anterior gill arches. Roberts (1972, 1978) observed that 
such structures function very effectively in straining 
and sorting fine food items, especially in the mid-water 
column. Lundberg et al. (1987: 81) drew attention to 
the ‘additional advanced features’ of the feeding 
apparatus in the planktivorous gymnotid Rhabdolichops 
zareti which appear to be homologous with the 
structures present in Nedystoma dayi , viz: fleshy, 
suspended pads and valves on the gill arches and 
buccopharyngeal roof. Rhabdolichops zareti occupies 
swiftly flowing waters, has numerous gill rakers and a 
quadrangular mouth gape. The planktophagous catfish 
Hypophthalmus edentatus has such structures (Roberts 
1972) as has the pimelodid Rhamdia. Vari (1989) noted 
the numerous, probably functionally homologous, 
lobulate protruberances extending from the mouth in 
some curimatids (Characiformes) and supposed that 
these structures can promote an increase in the amount 
of buccal mucus, an adaptation possibly correlated with 
the species' microphagous and detritivorous diet. 

Retention of well-developed pads and flaps in ariid 
taxa at adult stadia appears to be derived. Whereas the 
majority of ariids have moderately developed pad 
structures, a handful have flaps substantially identical 
to those in N. dayi , and some have convoluted flaps 
and extensions on the upper gill arches which almost 
certainly function in a similar manner. Amissidens 
n. gen. hainesi, Brustiarius no: c, Cathorops 
hypophthalmus and cf. Arias acutirostris are examples. 
In Cephalocassis melanochir the large pads have 
scalloped margins. In some taxa, pads are moderately 
developed at juvenile stadia and much reduced in 
adults, with such structural changes probably correlated 
with a change in dietary preference from finer to larger 
food items. In some ariids (e.g., Osteogeneiosus, 
Galeichthys, Guiritinga barbus, Genidens) the lower 
inside of the operculum bears a deep pocket or pouch, 
and in them (and some other taxa such as Cochlefelis 


burmanicus and Galeichthys) the gill membrane is 
broadly attached to the lower inside operculum. Perhaps 
these features have a function similar to the enlarged 
buccopharyngeal structures. 

State 0 = gill arch pads and buccopharyngeal Haps 
low or poorly developed at adult stadia; 1 = pads and 
flaps of moderate size in adults; 2 = pads and flaps 
large and fleshy in adults. 

18. Mesethmoid shape. The plesiomorphic shape of 
the siluroid mesethmoid is elongate and ‘T’-shaped, 
usually with a median notch (Tilak 1965; Lenous 1967; 
Howes 1983; 1983a; Arratia 1987; others) or 
excavation (e.g., in Schilbe). This form is present 
throughout the Siluriformes. The lateral arms, or 
cornuae, can be exceedingly produced (e.g.. 
Trogloglanis - Lundberg 1982: Chacidae - Brown and 
Ferraris Jr 1988). Ariids lack the mesial processes on 
the cornuae present in ictalurids and ‘various catfishes 
in other families’ (Lundberg 1982: 31) which is a 
derived condition among catfishes. 

Howes (1983) described several derived states of 
the siluroid mesethmoid and most of these states are 
exhibited in the Ariidae. There is a trend in the group 
towards loss of the median notch and a general 
broadening of the mesethmoid. The more conservative 
form is a mesethmoid having a moderately wide neck 
and anterior cornuae diverging at approximately right 
angles, separated by a deep median concavity; and the 
smooth ventral surface of the cornuae articulating with 
the dorsal surface of the premaxillaries (Fig. 7). In 
contrast, some taxa (e.g., Nedystoma novae guineae) 
have an expanded, convex mesethmoid without a 



Fig. 7. Dorsal view of anterior part of skull of Ariopsis leptaspis , 
162 mm SL. 
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median notch; others (e.g., Plicofollis n. gen. 
dussumieri) have a broad mesethmoid with very 
shallow notch or none. In Netuina thalassimis and 
Hemiarius grandicassis the termination is convex and 
fluted or ridged while in cf. Arius macrorhynchus the 
short cornuae are partly enveloped in a median, convex, 
heavily striated prominence turned ventrad; in them the 
median notch also is lacking. I interpret these conditions 
as apomorphic. Another derived condition is where the 
ventral mesethmoid surface becomes concave with 
ontogeny (e.g., in Cochlefelis spatula and Hemiarius 
insidiator). 

State 0 = divergent cornuae with median, deep 
notch; 1 = divergent broader cornuae with medium or 
shallow notch; 2 = broad cornuae; mesethmoid anterior 
margin slightly convex to truncate with only remnant 
of a notch; 3 = convex, broad mesethmoid; 4 = 
prominent and blunt apex, cornuae reduced; bone 
creased transversely; 5 = prominent and rounded apex, 
cornuae broad; margin of bone fluted. 

19. Nasal bone shape. The nasals are simple, slender 
tubes in f Hypsidoris, the Dipiomystidae (Arratia 1987) 
and many other catfishes (Lundberg 1982; pers. obs.). 
Simple tubes, often broader anteriorly where they tend 
to bifurcate, and lying longitudinally on the cranium, 
appear to represent the plesiomorphic condition in the 
ariids. This condition is exhibited by Arius arius , 
although anteriorly the nasals are turned outward. It is 
general within the Ariidae. However, there is a trend 
for the nasals to lie over or cradle into the mesethmoid 
margin (e.g., Bagre marinus), most apparent in those 
taxa where that bone is broader. The expanded, irregular 
nasal form in Nedy stoma novaeguineae, 
Batrachocephalus and, to a lesser extent Hemiarius 
insidiator , is further derived, and in cf. Arius 
macrorhynchus the nasals have a distinct, irregular 
shape. 

State 0 = simple and straight longitudinal tube, 
slightly expanded anteriorly; 1 = curved tube, tending 
to parallel the curve of the mesethmoid neck and/or 
slightly bifurcate anteriorly; 2 = irregularly shaped or 
very broad anteriorly or strongly bifurcate. 

20. First infraorbital (lachrimal) shape. In 
Trichomycterus the lachrimal (the anterior-most bone 
of the infraorbital series) is simple (Arratia and Menu- 
Marque 1984). The same condition was recorded in 
Malapterurus by Howes (1985) and diploniystids by 
Arratia (1987), suggesting that this form has been 
independently derived in several lineages. Apomorphies 
are exhibited in other siluroids: for example Rhamdia 
has an elongate lachrimal; the lachrimal in doradids is 
considerably enlarged and irregularly-shaped; and in 
Neosilurus the lachrimal is broadly crescentic or moon¬ 
shaped. The characteristic and presumably 
plesiomorphic form in many siluroids (Howes 1983; 
Schaefer 1987) is a generally rhombic or ‘axe’-shaped 


lachrimal with anterior and posterior processes well 
produced. 

The usual condition is exhibited in Arius arius 
where the lachrimal is a simple, oblong plate with 
triangular processes diverging from each corner 
(Fig. 8). In several taxa, however (e.g., Nedystoma 
novaeguineae, Bagre marinus, Batrachocephalus ) the 
lachrimal is more ornate in shape, representing derived 
conditions. 

State 0 = rhombic, with well-produced angles; 1 = 
flattened, angles extremely produced; 2 = rectangular 
with few obtuse angles; 3 = simple, irregular or 
crescentic. 

21. Shape of the vomer. A ‘T, or arrow-shaped vomer 
is present in many siluroids, including f Hypsidoris 
(Lundberg 1982; Grande 1987; Grande and Lundberg 
1988; pers. obs.) while a rhombic, enlarged vomer is a 
unique derived feature of the Dipiomystidae (Arratia 
1987). Vomer size varies and in some groups, 
(Hypophthalmus (Howes 1983) and loricariids 
(Schaefer 1987)), it may be needle-like with or without 
greatly reduced lateral arms. In the Helogeninae (family 
Cetopsidae) its posterior process is reduced or absent 
(de Pinna and Vari 1995). 

In the ariids, the vomer is usually ‘T’-shaped (Fig. 9). 
In Arius arius the head of the vomer is triangular: the 
short arms are deeply indented distally and the posterior 
extension is long. Variations around this form are 
common (e.g., the arms are slightly abbreviated, or long 
(A. manillensis), the ‘head’ of the bone is dentate,'or 
the head and arms form a wedge ( Cephalocassis 
melanochir, Cryptarius n. gen. truncatus) but probably 




Fig. 8. Infraorbital series of A, Netuma thalassimis, 127 mm SL; 
and B, Nedystoma novaeguineae, 150 mm SL, LHS. Dashed lines 
indicate position of eye. 
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aspect of the mandible. Lundberg (1982) believed that 
there are six openings primitively, and that higher 
counts are derived. The foramina (‘pores’) can be 
clearly seen on t Hypsidoris and f Astephus\ and Arratia 
(1987) illustrated those in Diplomystes. Pores appear 
to be absent from the loricariids (Schaefer 1987). In 
Prietellci (Lundberg 1982), plotosids and some bagrids 
the pores are large (pers. obs.) and they are small in 
Synodontis, some pimelodids, Parasilurus and Scliilbe. 

Ariids display variability in the number (four to 
eight) and size of the pores, which are present only in 
the mandible. However, because I experienced 
difficulty in counting the pores nearest the symphysis 
in some osteological preparations due to bone 
convolutions, I cannot arrive at a real pore number for 
each ariid taxon examined. However, the size of the 
foramina can be used in phylogenetic reconstruction. 
Some ariid taxa (such as Nemapteryx armiger, 
Hemiarius diodes, Nemapteryx augustus, Nedystoma 
novaeguineae, Bagre and Sciades troschelii) have 
noticeably large openings at all growth stadia, whilst 
others (such as Ariopsis felis, Arias manillensis, 
Cochlefelis danielsi and Cinetodus carinatus) have 
quite small (or no?: Batrachocephalus) openings. 
Bornbusch (1995) decided that larger pores represent 
the derived condition in the Siluridae. The reverse 
appears to be true for the Ariidae. 

State 0 = (very) large openings; 1 = moderate-sized 
openings; 2 = very small or concealed openings. 

23. Epioccipitalplus extrascapular. The epioccipital 
lamella extends well posterior to the skull in all ariids 
except for Galeichthys. In many ariid taxa (including 
Arius arias), the proximal part of the bone - which forms 
a major portion of the posterior wall of the neurocranium 
- closely underlies or articulates with the underside of 
the extrascapular and the posterolateral arm of the 
supracleithrum (Fig. 10). In several ariids however (e.g.. 
Netuma proximus, Aspistor hardenbergi, Plicofollis n. 
gen. polystaphylodon, Hemiarius sona, Cryptarius 


3rd fontanelle 




Fig. 9. Vomer shape in A, Arius arius, 112 mm SL; B, Plicofollis 
n.gen. argyropleuron, 70 mm SL; C, Plicofollis n.gen. 
argyropleuron, 162 mm SL; D. Hemiarius diodes, 90 mm SL. 

do not represent independent character states. However, 
the general ‘T’ condition is lacking in the group of 
species including Plicofollis n. gen. tiella and P. n. gen. 
polystaphylodon, and in them the head is enlarged and 
rounded and the arms are very short. I consider this 
‘club’-shaped condition apomorphic. 

State 0 = ‘T’- shaped + variations; 1 = conical head, 
arms much reduced. 

22. Mandibulary pores. The openings of the 
mandibulary sensory canal lie along the anteroventral 


Fig. 10. Posterolateral view of neurocranium of Arius arius, 190 mm SL, showing separate extrascapular. 
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n. gen. truncatus , A. planiceps, Sciades parkeri, Bagre 
marinus ) the epioccipital invades the skull roof as an 
additional dermal skull bone: i.e., it is exposed, forms 
part of the neurocranium, and that portion matches the 
ornamentation of the other dermal bones. No other 
catfishes (or ostariophysans) have the epioccipital 
invading the skull roof, besides retaining the 
extrascapular, and 1 consider this condition derived. 

State 0 = epioccipital not in skull roof; 1 = 
epioccipital invading skull roof. 

24. Epioccipital minus extrascapular. The status of 
the plate-like bone between the supraoccipital and the 
supracleithrum has often been debated (Lundberg 
1975a; Grande 1987; also Howes 1985). It is usually 
present in the diplomystids (Arratia 1987) and at least 
nine other catfish families including Mochokidae, 
Bagridac, Ariidae and Doradidae. There is a 
pronounced trend towards its division (e.g., in some 
ictalurids: Lundberg 1975a; 1982) or independent loss 
(Arratia 1987) within the siluroids. 

Whereas in most ariids the extrascapular is well- 
developed and clearly identifiable, in at least two 
groups of ariids the extrascapular has amalgamated with 
the anterior portion of the epioccipital which is thus 
exposed and becomes an element of the skull roof (cf. 
Character 23) (Fig. 11). Lundberg (1975a) and Curran 
(1989) reported a similar situation for the doradids and 
auchenipterids; i.e., in them the extrascapular is 
‘replaced’ by the intrusive and dominant epioccipital 
which abuts the supracleithrum and pterotic on one side, 
and the second nuchal plate on the other. Some of the 
ariids possessing the exposed and dominant epioccipital 
have highly ossified skulls posteriorly, and all have high 
flanges on the epioccipital extension and the neural 
spine. It is possible that the amalgamation of the two 
bones acts to reduce weaker sites in the skull (as, for 
e.g., at sutures) in response to achieving strength in 
that area. 


State 0 = extrascapular apparent; 1 = extrascapular 
amalgamated with epioccipital. 



Fig. 11. Posterolateral view of neurocranium of Cinetodus 
carinatus, 122 mm SL. Extrascapular is fused with epioccipital. 


25. Temporal fossa. Many ariids possess a large fossa 
at the intersection of the supracleithrum, pterotic and 
extrascapular. Such a fossa is not common in catfishes, 
at least in adults where, if it is present, it is largely 
overlain by the extrascapular. However, pangasids, 
schilbeids, some sisorids and diplomystids also have a 
fossa (Bhimachar 1933; Tilak 1963a, 1964; pers. obs.). 

1 consider the presence of the temporal fossa in adult 
ariids as plesiomorphic because: a) it is rare in the 
siluroids and present in the characoids (and some 
cyprinoids) (Roberts 1973) it is much reduced or even 
absent in some ariids, especially at adult stadia; and c) it 
indicates the space between the neurocranium and 
pectoral girdle in taxa where the supracleithrum is only 
ligamentously attached or where both arms of the 
supracleithrum are not strongly sutured to the skull (e.g., 
in Schilbe and some ariids including Ariopsis robertsi). 
Howes (1985) considered a loose connection of the 
supracleithrum and neurocranium to be apomorphic. 

State 0 = fossa large and (moderately) prominent at 
all growth stadia; 1 = fossa smaller, much reduced, or 
absent (especially in adults). 

26. Metapterygoid position. With the substantial 
reduction of the ectopterygoid and the mesopterygoid 
in catfishes, the metapterygoid has moved forward to 
occupy the space they vacated and, in turn, the 
hyomandibular has extended anteriorly to fill the space 
left by the forward movement of the metapterygoid. 
This condition exists in many taxa (e.g., diplomystids, 
ictalurids, many bagrids, pimelodids, t Hypsidoris, 
schilbeids, Clarias, some sisorids, doradids and ariids). 

In many siluroids, the posterior margin of the 
metapterygoid lies above or before (well before in 
pimelodids and Chrysichthys ) the middle of the quadrate. 
Some ariids, however (such as Hemiarius diodes, 
Amissidens n. gen. hainesi, Plicofollis n. gen. 
argyropleuron, Potamarius and Osteogeneiosus ) have 
a somewhat enlarged metapterygoid where the hind 
border extends posteriorly to lie in line with the hind 
border of the quadrate - or even beyond it (Fig. 12). 
The condition in Malapterurus is an extreme example 
(Howes 1985). A general elongation of the suspensorium 
in the region between the articular condyle for the 
quadrate and the hyomandibular accompanies the 
posterior progression of the metapterygoid (see also 
Ferraris Jr 1988: Nemuroglanis). I consider the posterior 
position of the metapterygoid as derived, although it 
mirrors the gonorhynchiforms (Fink and Fink 1981). 

Additional apomorphies are that in Bagre marinus, 
for example, the metapterygoid is high, and expanded 
(its posterior border slightly behind the quadrate); in 
Cathorops fuertltii , the hyomandibular bears a ridge; 
and in Ariopsis felis, Potamarius and Aspistor kessleri 
the hyomandibular is elongate. 

State 0 = metapterygoid well before middle of 
quadrate (e.g., outgroup, pimelodids); 1 = 
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autogenous lateral 




Fig. 12. Mesial oblique view of suspensorium of A, Arius arius, 190 mm SL; B, enlarged view of palatine region of Arius arias , 


112 mm SL. 

metapterygoid hind margin above middle of quadrate; 
2 = metapterygoid hind margin in line with hind margin 
of quadrate; 3 = metapterygoid hind margin well behind 
hind margin of quadrate. 

27. Metapterygoid - hyomandibular suture. In the 
Ariidae the metapterygoid is roughly square and sutures 
to the quadrate ventrally and to the hyomandibular 
posteriorly. The breadth of the sutures varies in the 
Ariidae from being very broad (e.g., Batrachocephalus, 
Ketengus ) to narrow (e.g., Bagre marinus). Such 
variation was also observed by Brown and Ferraris Jr 
(1988) in the Chacidae and by Bornbusch (1995) in 
the Siluridae. A broad suture extending the length of 
the hyomandibular-metapterygoid interface is 
widespread in catfishes (present in, for example, 
t Hypsidoris, Diplomystes (Fink and Fink 1981), 
t Astephus and other ictalurids (Lundberg 1982) and 
some Chacidae) and is considered to be the 
plesiomorphic condition. In Cephalocassis melanochir 
and Bagre marinus the hyomandibular-quadrate- 
metapterygoid interfaces are represented by extensive 
(symplectic?) cartilage. 

State 0 = broad suture; 12 = moderately wide suture; 
C = short suture. 

28. Skull ornamentation. Primitively, much of the 
dorsal surface of the catfish skull is covered with heavy 
exostosis - of sharp or blunt tubercles, ridges, granules. 


grooves and rugae (Stewart 1986; Grande 1987). The 
families in which strong ornamentation of the skull is 
exhibited are the Ariidae, Bagridae, Pimelodidae, 
Doradidae, Auchenipteridae, Sisoridae and Clariidae; 
also Synodontis (Mochokidae) and Neosilurus 
(Plotosidae) (pers. obs). t Hypsidoris species have a 
heavily ornamented neurocranium (Grande 1987; 
Grande and de Pinna 1998) as has the ictalurid 
t Astephus (Grande and Lundberg 1988). Many 
Characiformes also exhibit strong skull ornamentation 
(Lundberg 1975). 

Ornamentation continued to the skull roof above the 
hyomandibular occurs because the cheek muscles 
(adductor mandibularis) are restricted to the cheek, as 
in most ostariophysans and lower teleosts (Grande and 
Lundberg 1988). Smooth bone surfaces (representing 
extensive cranial attachment of jaw muscles) have 
probably evolved independently in several catfish 
lineages, and are evident in the ariid genus Galeichthys 
(for example). Even so, there is consistent variation in 
the relative smoothness of the cranial surface among 
the ariids, unrelated to cheek musculature, and I am 
not convinced that a highly granulated or rugose dorsal 
skull surface represents the plesiomorphic conditions: 
perhaps that condition (such as in Hemiarius sona. 
Hexanematiclithys mastersi, Ariopsis guatemalensis, 
Sciades emphysetus) and very smooth skulls (such as 
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in Bagre, Ketengus, Nedystoma dayi, Cephalocassis 
melanochir ) are independent apomorphies. 

I recognise three states for this character despite 
some problem with accounting for ontogeny and 
intraspecific variation and the difficulty of 
unequivocally describing the ornamental diversity 
exhibited in the Ariidae. 

State 0 = granular or tuberculated or rugose skull 
surface; 1 = smooth to striate; 3 = smooth. 

29. Shape and position of the adipose fin. Alexander 
(1965) discussed the compensatory values of large and 
small adipose and anal fins, the former seemingly useful 
in swim stability. The usual form and position of the 
adipose fin in catfishes are of a moderately high and 
free fin smoothly rounded posteriorly, situated 
approximately over the middle of the anal fin. There is 
considerable variability in the size and position of the 
adipose fin in the Ariidae. The long-based adipose fin 
possessed by some ariids (e.g., Cinetodus froggatti, 
Cochlefelis spatula, Aspistor hardenbergi) is also 
common to a number of ‘generalised’ catfishes including 
the diplomystids, t Hypsidoris (Grande 1987), bagrids, 
many pimelodids (Alexander 1965; Stewart 1986a; pers. 
obs.) and Ancharius. I consider this condition 
plesiomorphic. The derived condition - of a small-based 
adipose fin situated above the posterior half of the anal 
fin - is exhibited in the sea-inhabiting Netuma and 
several freshwater taxa such as Brustiarius nox. 

Other authors (e.g., Mees 1974; Fink and Fink 1981; 
Howes 1983; Skelton 1984; Ferraris Jr and Fernandez 
1987; Curran 1989) generally have considered the 
small-based, posteriorly situated fin to be derived. 

State 0 = long-based adipose fin equal or subequal 
to length of anal fin base (length 7-22 [mean 15]% 
SL); 1 = moderately long-based adipose, over middle 
or anterior third of anal fin (length 6-16 [mean 10]% 
SL); 2 = short-based adipose, over (middle), posterior 
half or third of anal (length 3-12 [mean 6.5]% SL). 

30. Barbel number. The number and situation of 
sensory barbels in catfishes appears to be haphazard 
and opinions vary concerning their phylogenetic 
information. Lundberg and Baskin (1969), Roberts 
(1973) and Fink and Fink (1981) considered the 
primitive form to be possession of a maxillary pair of 
barbels only; Curran (1989: Auchenipteridae) and 
Bornbusch (1995: Siluridae) considered that a 
reduction in the number of mental barbels was the 
derived condition; and Howes (1983: 
Hypophthalmidae) and Kobayakawa (1989: Silurus) 
thought the opposite. 

Possession of only maxillary barbels is not a state 
singular to the primitive diplomystids however, as it 
occurs also in the phylogenetically more advanced 
loricariid group. Howes (1985) believed that possession 
of nasal barbels may be plesiomorphic: present (e.g.) 
in schilbeids, Malapterurus, plotosids, Clarias, some 


bagrids and Anadoras species. I incline to Fink and 
Fink’s view (1981) that barbels other than the maxillary 
barbels have been independently derived within the 
Siluriformes; and, further, that a barbel complement 
other than six (a pair of maxillary, mandibulary and 
mental) is derived within the Ariidae. The South-east 
Asian taxon Batracliocephalus has a pair of 
mandibulary barbels only and Osteogeneiosus has a pair 
of maxillary barbels only. Bagre bagre and B. marinus 
lack mental barbels. Ancharius has a pair of short and 
thin nasal barbels, a feature unknown in any ariid and 
Ancharius brevibarbis has fringed barbels (pers. obs.), 
another unknown ariid feature. 

State 0 = 3 pair (maxillary, mandibulary, mental); 1 
= 1 pair (maxillary only); 2 = 1 pair (mandibulary only); 
3 = 2 pair (maxillary and mandibulary); 4 = 4 pair 
(outgroup); 5 = 3 pair (nasal, maxillary, mandibulary). 

31. Barbel position. The matter of barbel homology 
within the Ostariophysi has been discussed by several 
authors (e.g., Roberts 1973; Fink and Fink 1981;Arratia 
1987) and Alexander (1965) and Gosline (1975) 
interpreted the movement and function of the barbels in 
different ostariophysans. However, the position of the 
mandibular barbel bases is worthy of attention. Albeit 
in the majority of catfishes the barbel bases are 
‘moderately’ separated and staggered, in some ariid taxa 
(e.g., Arius hainesi ; also in some pimelodids: Howes 
1983 and Stewart 1986) the barbel bases lie close 
together near the mandibulary symphysis and are 
approximately transversely aligned, and in others (e.g., 
Hemiarius stormii) the barbel bases are well-separated, 
spread along the chin line, and staggered. Such variations 
from the general condition (above) appear to be derived. 
Indeed, Curran (1989) noted that three auchenipterid 
genera have four mental barbels in a transverse series 
on the chin (along with some members of the 
Heteropneustidae and Pimelodidae, also Doradidae, 
Callichthyidae and Loricariidae). Contrary to Curran’s 
decision to exclude this character from analysis because 
of homoplasy, 1 consider it makes a worthwhile 
contribution to ariid phylogenetic analysis. 

State 0 = bases close together, aligned (or almost), 
near symphysis; 1 = bases moderately separated, 
slightly staggered; 2 = bases widely separated, laterally 
on mandible, well staggered. 

32. Lateral line at tail base. The form of the lateral 
line at the tail base in catfishes appears to be stable. A 
lateral line curving slightly either dorsally or ventrally 
at the tail base is probably the plesiomorphic condition, 
as it is present in this form in diplomystids (Arratia 
1987). In some ariids however, the lateral line turns 
sharply dorsad; and in some other ariids (e.g., Netuma 
thalassinus, Osteogeneiosus, Arias jatius, 
A. malabaricus, Cochlefelis burmanicus, Bagre bagre) 
the lateral line bifurcates at the tail base. This apomorphy 
also occurs in other catfishes such as the pangasids, 
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schilbeids, some sisorids, pimelodids, auchenipterids, 
some doradids, Hypophthalmus and Cranoglanis 
(Lundberg and Baskin 1969; pers. obs.) as well as in the 
chanoid Gonorhynchus (Lundberg and Baskin 1969). 

Bleeker (1858) partly based his genus 
Hemipimelodus on the bifurcate nature of the lateral line. 
Interestingly, H. borneensis exemplifies a condition not 
uncommon in ariids - that of the lateral line bifurcating 
in some individuals and simply turning upwards in 
others. 

State 0 = lateral line slightly curved one way at tail 
base; 1 = lateral line sharply turned up at tail base; 
2 = lateral line bifurcate at tail base. 

33. Shape of the swim bladder. The plesiomorphic 
catfish swim bladder is large and sac-like or ‘heart’- 
shaped, with smoothly rounded margins (Alexander 
1964; Stewart 1986) and covered with a silvery 
peritoneal tunic. Fink and Fink (1996) affirmed that the 
siluriform swim bladder comprises an anterior and a 
posterior chamber, even though an external constriction 
between the chambers is absent (a partial transverse 
septum separates the two parts of the bladder). In most 
ariids, the posterior chamber (section) is further divided 
by two or more irregular pairs of incomplete septae 
linked to a median longitudinal partition. Alexander 
(1964, 1965) noted that the shape of catfish swim 
bladders is maintained by the internal partitions, and 
Tavolga (1962) surmised that the ariids use the septae 
for channelling sound. 

An additional third chamber connected by a ductus 
pneumaticus to the second (posterior) chamber is present 
in several siluroid groups such as Pangasius and 
Malapterurus, possibly some pimelodids (Roberts 1973; 
Howes 1985; Stewart 1986), Rita (pers. obs.) and Sciades 
(Ariidae) and probably represents the plesiomorphic 
condition. 

In some ariid taxa (e.g., Aspistor kessleri) the bladder 
is almost rounded; in most (including A. arias) it is heart- 
shaped or ovate, and in others (e.g., Ketengus) it is almost 
triangular. The edges or sides of the swim bladder are 
usually smooth and entire but in some taxa the sides are 
deeply creased internally (e.g., Plicofollis n. gen. nella, 
P. n. gen. polystaphylodon), deeply scalloped externally 
(e.g., Hemiarius dioctes, Netuma proximus, N. 
bilineatus, Osteogeneiosus), or creased/scalloped 
internally and externally (e.g., Plicofollis n. gen. 
argyropleuroti). This last condition is also found in some 
pimelodids (Stewart and Pavlik 1985; Stewart 1986) and 
is derived. A long and oval, board-like swim bladder 
internally divided by numerous septae is an 
autapomorphy of Hemiarius insidiator. Howes (1983) 
noted a trend for the more derived siluroids (e.g., 
loricariids, callichthyids, trichomycterids) to have 
reduced and encapsulated swim bladders (also Sisoridae: 
Roberts and Ferraris Jr 1998), a trend directed towards 
a demersal existence (Alexander 1965) wherein a greater 


variety of environments can be exploited (see Gee 1976). 
The larger, high-volumed swim bladder hence appears 
to represent the plesiomorphic condition. 

As the Weberian apparatus functions to transmit 
vibrations from the bladder to the inner ear, the form of 
the bladder must either a) have some effect on the type 
of vibrations transmitted, b) provide efficient reception 
of sound vibrations from the preferred habitat of different 
taxa, or c) have no effect. Correlation between bladder 
shape and volume, vibrations type and strength and 
habitat preference could be revealed with further study. 

Under this heading 1 make the following 
observations: (1) during immature growth stadia, most 
ariids, whatever the swim bladder volume, inhabit the 
lower water column. As the body tissue of ariids becomes 
increasingly buoyant from oil and fat deposition as 
growth proceeds, adults are more common higher (even 
just a little higher) in the water column; and (2) 
compensation of the effect of low swim bladder volume 
can also be achieved by active swimming, a phenomenon 
observed in juvenile ariids, at least. 

State 0 = internal and external swim bladder edges 
smooth; 1 = internal swim bladder edge creased, external 
edge smooth; 2 = internal swim bladder edge smooth, 
external edge moderately to deeply scalloped; 
3 = internal and external swim bladder edges creased or 
scalloped. 

34. Pads on the pelvic fins. A noticeable feature of 
female ariids is the gradual thickening of the sixth (and 
occasionally fifth) ventral ray with advancing sexual 
maturity. Rimmer (1985), working with Ariopsis graeffei, 
was able to demonstrate that the pads develop 
synchronously with ripening of ova and regress post¬ 
spawning (see also Lee 1937; Smith 1945). Sometimes 
the pads are distinctively shaped - as in Amissidens 
n. gen. Itainesi and some Cathorops species. Day (1877: 
457) observed that the pelvic rays are thickened ‘by a 
deposit of fat, whilst the innermost one has a large similar 
pad attached to its posterior edge’, and that the fin pads 
can be expanded into a ‘cup-like surface, the use of 
which may be to receive the eggs as they are extruded’. 
Day’s observations are supported by those of later 
authors (Rimmer and Merrick 1983: summary). 
Hardenberg (1935) believed that the male attaches to 
the female by thick hooks formed by the pad (in Arias 
maculatus) to fertilise the ova. Remarkably, although 
ariids form large spawning aggregations, the actual role 
of the thickened (and sometimes ornamented) ventral 
rays has elicited no scientific enquiry. 

However, whereas comparatively large and few ova 
are produced by all ariids, not all taxa develop pads to 
receive them (if Day is correct). Pad-less ariids include 
Sciades emphysetus, Osteogeneiosus, Hemipimelodus 
crassilabris, Cinetodus carinatus, Galeichthys feliceps 
and Nedystoma dayi. Presence/absence of pads is 
unrelated to the maximum attainable SL of the taxon. 


106 


The catfish family Ariidae 


Possession of a padded pelvic fin in mature females 
is a unique ariid feature and I am bound to assign 
plesiomorphy to the absence of pads (following the 
‘commonality principle’). Nevertheless, if the function 
of the pad is to hold up the egg mass until all of it is 
extruded and/or fertilised (see above) the pad-less taxa 
could have developed some other method of supporting 
the ova (e.g., by extra expansion of the paired fins). 
The ova produced by these taxa, as far as I have been 
able to determine, are no smaller nor more buoyant than 
are those of other ariids. Nor are there differences in 
fecundity and maximum SL. Clearly, evidence of pad 
function is a prerequisite to a firm statement of polarity 
although 1 incline to the view that the loss(?) of pads is 
a derived feature. 

State 0 = pads present in some form; 1 = pads absent. 

35. Vomer dentition. A large, toothed vomer appears 
to be the primitive condition in catfishes (Bhimachar 
1933; Grande 1987; Grande and Lundberg 1988). 
Vomerine teeth are borne on firmly attached plates or in 
definite patches in diplomystids, some bagrids, 
Pangasius, f Hypsidoris, some silurids, f Astephus, 
Neosilurus , clariids, schilbeids and some pimelodids (not 
Rhamdia and Pimelodus) and are lacking in Synodontis 
and the doradids, callichthyids and the three silurid 
genera in my outgroup series; also loricariids. Vomerine 
teeth are also present in many primitive non- 
ostariophysans (Fink and Fink 1981) and Ostariophysi 
other than catfishes (Grande and Lundberg 1988). 

I concur with Bhimachar’s (1933) opinion that an 
edentate vomer or one with very small tooth patches 
represents an advanced condition. Either of these 
conditions are found in diverse catfish groups (e.g., 
see above) and occur in most ictalurids (not t Astephus). 
Not infrequently, both states may occur in the one 
catfish family or genus, e.g., Gephyroglanis (Skelton 
1981). There is little doubt that vomerine dentition has 
been lost more than once among siluroids. Within the 
Ariidae, the expression of teeth on the vomer is 
similarly highly variable although most taxa exhibit the 
plesiomorphic condition (Fig. 13). I have found no 
evidence that ariids lose their vomerine teeth with 
increasing age (contra Grande and Lundberg 1988). 

In contrast to the above however, Chen and 
Lundberg (1995) stated that the plesiomorphic 
condition in the Amblycipitidae is of an edentate vomer 
and, in drawing from examples of other siluroids 
(including ariids), they considered that possession of 
teeth on the vomer in the amblycipitid genus 
Xiurenbagrits is the derived condition; and further, that 
possession of vomerine teeth is a homoplasy that has 
evolved several times in siluriform history. 

State 0 = vomerine teeth present; 1 = vomerine teeth 
absent. 

36. Vomer dentition - stability. As growth proceeds, 
the vomerine tooth patches expand slightly in some 


ariid taxa (the most extreme expressions being where 
the two oval patches coalesce and form a median patch 
(e.g., Brustiarius nox) or where one set may be lost 
(e.g., Ariopsis graeffei)). 

The tendency for tooth patches to alter in shape and 
number during ontogeny is derived within the ariids 
and may be neomorphic. The phenomenon may occur 
in several different lineages. 

State 0 = vomer tooth patch shape stable; 1 = vomer 
tooth patch shape unstable. 

37. Infraorbitals. The infraorbital series in 
ostariophysans is primitively represented by bony, 
often ornamented plates (Fink and Fink 1981; 
Schaefer 1987). In the siluriforms, the series usually 
consists only of the canal-bearing portions of the 
bones, which are often elongate and lack 
ornamentation (above authors; Roberts 1973; Howes 
1983). Taxa in some catfish lineages exhibit 
homoplasy in that the infraorbitals have expanded: 
e.g., loricariids, Malapterurus (Howes 1983), clariids 
(Tilak 1963b) and some doradids. In some ariids (e.g., 
Batrachocephalus ) the lachrimal (first infraorbital) is 
expanded and peculiarly shaped. 

Grande (1987) concluded that six is the primitive 
number of infraorbitals in siluriform fishes as it is the 
number common to most teleosts and also occurs in 
many catfish families. In contrast, Lundberg (1982) 
considered that the primitive number of infraorbitals 
is five (i.e., four plus lachrimal). In ictalurids the 
‘lowest and primitive’ number of six occurs in two 
extant genera, and the fossil t Astephus has six (Grande 
and Lundberg 1988). In my outgroup material, four and 
five are the common numbers. Rita has five or six, the 
posterior ones being small and possibly fragmented. 
Two Neosilurus specimens have a derived count of 
eight: all fibrous except for the ossified lachrimal and 
the last enveloped by the sphenotic. Diplomystids have 
seven to nine (Arratia 1987) including the lachrimal. 
Arratia partly interpreted the high number as a derived 
condition, against the trend in fishes to reduce or lose 
infraorbitals. 

The dominant number in ariids is four, including 
the lachrimal. The seven infraorbitals present in 
Nedystoma novaeguineae (Fig. 8) appear to be the 
result of fragmentation to accommodate that species’ 
low eye. However, Cephalocassis melanochir has five 
(the second is quite small), Bagre marinus has six and 
Bagre bagre possibly has three. Bearing in mind the 
variation displayed in this character throughout the 
Siluriformes and the possible trend towards reduction, 
I interpret four (including the lachrimal) as the 
plesiomorphic condition in the ariids and thereby 
support Arratia (1987). In some ariids (e.g., Ketengus, 
Bagre marinus) the antero-lateral aspect of the 
sphenotic is produced to form a short spur which meets 
the last infraorbital. 
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Fig. 13. Autogenous tooth plates on palate of A, Plicofollis n.gen. argyropleuron, 145 mm SL; B, Netuma thalassinus, 127 mm SL; 
C, Ariopsis velutinus, 156 mm SL; D, Arias arias, 190 mm SL; E, Ariopsis utarus, 175.5 mm SL. 


State 0 = 4 infraorbitals; 1 = 5 infraorbitals; 2 = 6 
infraorbitals; 3 = 7 infraorbitals; 4 = more than 7 
infraorbitals. 

38, 39 Peritoneal colour; Buccopharyngeal cavity 
colour. The ariids are not known for their brightness 
of hue, compared to the patterned body of other 
siluroids (e.g., auchenipterids, mochokids, loricariids). 
The body colour of ariids is generally uniform, although 
'piebald’ individuals of some taxa occur in northern 
Australian fresh and brackish waters. Not infrequently, 
colour intensity and hue vary, making a match with the 
colour of the surrounding water. All ariids are darker 
on the upper two-thirds of the body. Dark blue or brown 
pectoral fins are present in some taxa (e.g., Cinetoclus 
froggatti, Ariopsis guatemalensis, Ariopsis assimilis, 
Cephalocassis melanochir, Aspistor hardenbergi). A 


pair of dark bands pass along the sides in Galeichthys 
peruvianus, and several taxa (e.g., Arius maculatus, 
Ariopsis felis) have dark adipose fins. 

A very few ariids have a dark, dusky brown or darkly 
spotted peritoneum (e.g., Hexanematichthys sagor, 
Arius oetik, Guiritinga barbus). The peritoneum ol 
Ancharius fuscus is brown, flecked regularly with 
cream. Just as few others (e.g., Aspistor platypogon, 
Brustiarius nox) have a dark buccopharyngeal cavity, 
the colour extending over the gill rakers. 

The expression of definite colour in the ariids 
appears to be sporadic. In an attempt to determine 
whether it reflects synapomorphies in a phylogenetic 
relationship or was independently derived within the 
family, peritoneal colour and buccopharyngeal colour 
were scored for analysis. Any selective 'advantage' taxa 


108 




















The catfish family Ariidae 


may achieve through having definite colours has not 
been investigated. 

Peritoneal colour. State 0 = dark peritoneum; 1 = 
pale or slightly dusky peritoneum. 

Buccopharyngeal cavity colour. State 0 = dark 
cavity; 1 = pale cavity. 

40. Secondary hypurapophysis. The 'Type C’ 
hypurapophyses of Lundberg and Baskin (1969), of 
combined hypurapophyses and secondary 
hypurapophysis extending over the parhypural and first 
two hypurals, is an advanced character state among 
catfishes. This condition is exhibited by all ariids 
although some minor variations are apparent. 

A more derived secondary hypurapophysis condition 
is exhibited in some ariids such as Arius argyropleuron, 
in which the structure is flattened and ‘teardrop’- 
shaped. 

State 0 = secondary hypurapophysis flattened and 
‘teardrop’-shaped; 1 = not as above. 

41. Size of the caudal vertebrae. Ariids exhibit some 
interspecific variation in size and form of the vertebrae. 
The enlarged anterior caudal centra in the marine ariid 
Netuma thalassinus are twice as wide as centra in other 
parts of the column (Kailola 1986). In Aspistor 
quadriscutis, the posterior caudal centra are 
considerably elongated, and in Bagre marinas they 
appear to be vertically extended. 

Although objective comparison between forms 
proved unreliable in the cleared and stained material 1 
examined, the size ratio between the tenth penultimate 
vertebral centrum and the penultimate vertebral 
centrum was used to quantify observed size differences. 
Whereas in most other ariids the penultimate vertebral 
centrum is 10-40% narrower than the tenth penultimate 
centrum, in Plicofollis n. gen. argyropleuron the distal 
caudal vertebrae are shortened and extend vertically 
such that the last centra are at least half the width of 
the tenth penultimate centrum. 

State 0 = last caudal centra much narrower than 
other centra; 1 = no great disparity in size of vertebral 
centra with tenth penultimate centrum up to 40% wider 
than remaining centra; 2 = anterior caudal centra twice 
wider than remaining centra. 

42. Size of nuchal plate. In the majority of 
siluroids, the nuchal (‘predorsal’) plate is a narrow 
crescentic bone at the proximal base of the first dorsal 
spine or buckler and it forms a rigid supporting 
connection between the skull and the dorsal fin 
elements. However, in some ariids the nuchal plate is 
enlarged, a character state also present in some 
pimelodids (Lundberg et al. 1988). Although Taylor 
and Menezes (1977) considered that the nuchal plate 
is enlarged at all growth stadia in these ariid groups, 
this is not so. In some Sciades and Aspistor species, 
Hexanematichthys sagor and II. mastersi the nuchal 
plate expands during ontogeny. 


State 0 = relative size of nuchal plate increasing with 
growth; 1 = relative size of nuchal plate not changing 
with growth. 

43. Rakers on posterior edge of the gill arches. 
Members of the Ariidae either have or lack gill rakers 
on the posterior faces of the first two gill arches (Taylor 
1964; 1986; Roberts 1978; Kailola 1983). Sometimes 
the rakers are confined to the dorsal-most part of the 
arches, sometimes they arc lacking from the first arch 
but present on the second arch, and sometimes they are 
‘club’-shaped and arranged into two rows (in some 
Cathorops species). They may be short (e.g., Ketengus) 
or very long (e.g., Osteogeneiosus). 

Presence of posterior rakers on all four gill arches 
was considered plcsiomorphic by Stewart (1986) because 
rakers are present in this situation in the primitive family 
Diplomystidae. Many of the outgroup taxa have such 
rakers. Skelton (1981) observed that the character is 
difficult to evaluate and appears to have a complex 
distribution within the Siluriformes, likely associated 
with functional demand. 

State 0 = rakers present on posterior face of all arches; 

1 = rakers absent from posterior face of first arch; 2 = 
rakers absent from posterior face of first and second 
arches. 

44. Pelvic fin elements and pelvic musculature. All 
ariids have six segmented rays in the pelvic fin (in the 
outgroup material, the number of fin elements decreases 
from 11-13 in Neosilurus and Parasilurus and nine in 
Ompok and Pylodictus, to five in the loricariids (see also 
Grande 1987)). According to Lundberg (1970, cited in 
Grande 1987) and Grande (1987), primitively there are 
six segmented rays in the catfish pelvic fin. In 
conjunction with the low ray count, ariids have a very 
complex and highly specialised pelvic musculature, 
described by Shelden (1937). These muscles have a 
powerful grasping function consistent with the 
development and possible function of ariid secondary 
sex characteristics. Moreover, this complex musculature 
is not lacking from males and taxa in which maturing 
females do not develop pelvic fin pads (see Character 
34). Albeit a low (and primitive) segmented ray number, 
the combination of ray number with the complex pelvic 
muscle form and basipterygium shape (Shelden 1937) 
is derived for the Ariidae. 

State 0 = 6 elements + specialised pelvic musculature; 
1 = 7 elements, no homologous musculature; 2 = 8, ditto; 
3 = 11-13, ditto; 4 = 9, ditto; 5 = 5, ditto. 

45. Caudal elements. Lundberg and Baskin (1969) 
determined that the number of principal caudal fin rays 
is constant within catfish taxa having forked tails (e.g., 
the Ariidae). The most primitive caudal ray count of 9+9 
occurs in the Diplomystidae within the Siluriformes, and 
ostariophysans and primitive teleosts have 10+9 rays 
(Lundberg and Baskin 1969; Arratia 1987). t Hypsidoris 
and the majority of siluroids have 17 (8+9) principal 
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caudal rays (Lundberg and Baskin 1969; Grande 1987; 
Grande and de Pinna 1998). The ariids have a derived 
count of 7+8; only loricariids, amphiliids, aspredinids 
and some akysids (e.g., Breitensteinia Steindachner) 
having a lower regular count. 

State 0 = 7+8; 1 = 8+9; 2 = 7+7; 3 = 8+8; 4 = 9+9; 
5 = variable (e.g., Neosilurus). 

46. Presence and length of posterior dorsomedian 
fontanelle. In t Hypsidoris the dorsomedian fontanelle 
is long, extending behind the supraoccipital-frontal 
articulation at all growth stadia. In siluroids there is a 
trend towards closure. Howes (1985) considered that 
absence of a posterior cranial fontanelle is a common 
phenomenon in siluroids and thought that the condition 
could be derived; but if so, it must have developed 
independently in several lineages. Accordingly, the 
presence of a well-developed posterior fontanelle 
extending to, just short of, or beyond the supraoccipital- 
frontal articulation and remaining open in adults, 
appears to be the plesiomorphic condition. 

The Ariidae is one of the siluroid families which 
exhibits the trend towards closure. In ariids, the double 
dorsomedian fontanelle in juveniles usually extends 
from the mesethmoid to the region of the supraoccipital- 
frontal articulation (Fig. 14). The posterior fontanelle 
tends to reduce or be absent in adults yet may remain 
moderately large in some taxa. 

State 0 = fontanelle very small or absent (even in 
juveniles); 1 = fontanelle reducing during ontogeny; 
2 = extensive fontanelle, always open. 

47. Shape of posterior dorsomedian fontanelle. An 
elongate-rectangular posterior fontanelle of most 
catfishes appears to be the plesiomorphic condition (see 
also Tilak 1963, 1964, 1965a; Lundberg 1982; Arratia 
1987; Grande 1987). An irregularly-shaped or rounded 



posterior fontanelle therefore represents the derived 
condition - as in the Ictaluridae (Lundberg 1982) and 
Auchenipteridae (Curran 1989). The bagrid 
Chrysichthys and several ariids have a small, heart- 
shaped posterior fontanelle (including Hemiarius 
stormii, Nedystonia dayi, Ariopsis robertsi and 
Ceplialocassis melanochir) and irregularly-shaped 
fontanelles occur in Amissidens n. gen. hainesi and 
Nemapteryx armiger. Curran (1989) considered that a 
fontanel with unique convoluted edge is derived. 

State 0 = elongate-rectangular fontanelle; 1 = 
rounded or ovate-triangular fontanelle. 

48. Size of the frontals. In Arias arias the frontal is 
moderately elongate and bifurcates anteriorly; in some 
other ariids (e.g., Netuma bilineatus, Bagre) it is much 
expanded anteriorly in older individuals, dorsally 
overlapping its arms; while in other taxa the frontal is 
rectangular and/or narrow with long arms. 

The forward spread of the frontals is influenced by 
growth in some ariids. For example, the space between 
the lateral ethmoid and frontals is considerably reduced 
or absent in larger individuals of Hexanematichthys 
sagor, Sciades proops, S. parkeri, Aspistor kessleri and 
Bagre marinas. I consider that two derived character 
states exist: i) broad anteriorly and tapered to moderate 
or narrow posteriorly, arms wide and frontal-lateral 
ethmoid space reduced; and ii) broad posteriorly with 
tapered, narrow arms anteriorly and often a large 
frontal-lateral ethmoid space (e.g., Cathorops , 
Nedystoma dayi, Nemapteryx armiger). 

State 0 = frontal broad anteriorly and moderately 
narrow posteriorly, anterior space reduced (adults) and 
arms moderately wide; 1 = frontal moderately broad 
posteriorly, anterior space moderately enlarged; 
2 = frontal broad posteriorly, anterior arms narrow, 
space enlarged. 

49. Laminar bone over the anterior vertebrae. The 
laminar bone is usually continuous medianly in ariids 
(except in Galeichthys and Ancharius) and is more 
extensive in larger individuals, an ontogenetic change 
evidenced in most taxa. However, the excavation of 
the laminar bone posteromedially and the overlapping 
of the transverse process bases laterally is variable. 
I consider that a minimal cover over the aortic groove 
is plesiomorphic in ariids and interpret a ‘minimal 
cover’ as exposed transverse process bases and a deep 
median excavation on the ventral surface. The laminar 
bone in ariids extends over four to eight vertebra centra. 
Some ariids possess apomorphic modifications in the 
laminar shelf, such as depressions (e.g., Guiritinga 
barbus, Cinetodas froggatti) or median single keel (e.g., 
high and acute in Batrachocephalus, Nemapteryx 
armiger) or double keel (e.g., Bagre marinas). 

The laminar bone in other siluroids extends laterally 
over the first four to six vertebrae to a greater or lesser 
degree. The laminar bone extensively overlaps the bases 
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of the vertebral transverse processes in the four bagrid 
taxa (not Rita) and Pimelodus that I examined. 

State 0 = deeply excavated medially. 4th-6th 
transverse process bases largely exposed or expanded; 

1 = moderately excavated medially, 4th—6th process 
bases moderately to well covered; 2 = shallow excavation 
medially, 4th—6th process bases concealed; 3 = convex 
or truncate posterior margin. 

50. Additional palate dentition. The teeth often 
present on the siluroid palate are borne on autogenous 
tooth plates. Examples of catfishes bearing such plates 
are t Hypsidoris, f Asteplius , some bagrids (Tilak 1965; 
Skelton 1981; Bailey and Stewart 1984: pers. obs.); 
Schilbe, Pangasius, Oinpok (pers. obs.), other silurids 
(Bornbusch 1995), several pimelodids (Schultz 1944; 
Mees 1974; Grande and Lundberg 1988) and ariids. Fink 
and Fink (1981) regarded the presence of tooth plates as 
neomorphic because they are also present in some groups 
of characiforms (see also Gosline 1975) and Roberts 
(1973) implied that tooth bearing plates arose 
independently in characins and catfishes. A good 
summary of information on autogenous tooth plates and 
description of their fickle nature in the silurid Hito is 
given by Bornbusch (1995). I consider the possession 
of autogenous palatal tooth plates as plesiomorphic in 
the Ariidae. When present, the tooth plates are either 
ovate, elongate-oval, roughly triangular or triangular 
with concavities posteriorly. 

However, the presence of fixed tooth plates on the 
parasphenoid and/or orbitosphenoid in Sciades and 
Aspistor (and rarely in other ariid individuals) is an 
apomorphy, possibly secondarily derived within fishes 
(see Gosline 1971). Similar, independent apomorphies 
have been recorded elsewhere: fixed toothed plates in a 
schilbeid (Tilak 1961); tooth plates below or attached 
to the palatine in diplomystids (Arratia 1987; Azpclicueta 
1988); and in Chrysichthys (Mo 1988). 

State 0 = autogenous tooth plates always present; 

1 = autogenous tooth plates absent. 

51. Position of palatal tooth plates. The form and 
position of the autogenous tooth plates (Fig. 13), constant 
within an ariid taxon, have been used almost solely as 
defining characters in taxonomic works on the family 
(e.g., by Gunther 1864; Day 1877; Weber and de 
Beaufort 1913). There may be one plate on each side of 
the palate anteriorly, adjacent to the vomer tooth patch 
(or edentate vomer) and lying ventral to the anterolateral 
aspect of the lateral ethmoid or more posteriorly over 
the metaplerygoid on each side (as in Arius arius)', or 
the plates may be paired, forming a toothed triangle with 
the vomerine teeth (as in Netunui thalassinus)', or even 
of longitudinally arranged anterior small and posterior 
larger patches, the latter extending as far back as the 
hyomandibular. In some taxa, the palatal dentition is 
‘broken’ into several patches on each side (e.g., Genidens 
genidens, Netuma planifrons, cf. Arius harmandi). 


Further, individuals rarely may develop additional 
autogenous tooth plates, a phenomenon 1 have observed 
in Plicofollis n. gen. nella and Arius dispar. 

I consider the anterior plate position as plesiomorphic 
in ariids. 

State 0 = tooth plates at front of palate or 
anterolaterally; 1 = tooth plates longitudinally arranged: 
small anterior patch, larger elongate posterior patch. 

52. Dentition on palate tooth plates. The form of 
palate dentition in ariids is probably associated with 
feeding specialisations (see also Gosline 1975): fine and 
villiform, conical, acute, small and curved, ‘peg'-like 
and molariform. Where palate teeth of ariid taxa are 
granular or globular, they are noticeably larger than the 
jaw teeth (except in Cathorops in which granular teeth 
are often present in the lower jaw band) but, apart from 
the presence of sea urchins (cchinoderms) in the gut of 
juvenile Plicofollis n. gen. nella (pers. obs.) and Arius 
tenuispinis (= Plicofollis n. gen. layardi jun. syn.; 
Al-Hassan et al. 1988), very little information on the 
diet of such taxa is available. A character not compared 
in my analysis was form of the palate dentition, as I 
considered (erroneously perhaps) that its expression was 
related only to diet and thus imparted little phylogenetic 
information. Clearly, palate dentition in the Ariidae falls 
into the two general groups; of fine, conical, acute, small, 
and ‘peg’-like, molariform, granular. 

Nonetheless, the presence or absence of teeth on the 
tooth plates appears to be a useful phylogenetic character 
as tooth presence is variable in ariids and independent 
of diet. The usual condition is for teeth to be present on 
the palatal tooth plates in catfishes, but in Amissidens n. 
gen. hainesi, the tooth plates are never toothed and in 
Ariopsis velutinus. normally untoothed plates 
occasionally bear teeth. Interestingly, the males of some 
ariid taxa having granular palatal dentition (e.g., 
Arius maculatus, Plicofollis n. gen. nella) shed many 
teeth during the spawning (= brooding) period (Day 
1977; Willey 1911: pers. obs.). Individuals of Brustiarius 
solidus of various sizes, maturity and either sex also shed 
teeth, the cause of which is undetermined. 

State 0 = plates always toothed; 1 = plates always 
untoothed; 2 = plates occasionally lacking most teeth. 

53. Fin spine thickness. The presumed plesiomorphic 
condition of the fin spine in catfishes is of a well-ossified 
spine with strong and/or few well-developed, retrorse 
serrations along the posterior and often distal anterior 
margin(s). This condition occurs in many siluroids. 
According to most authors, the derived form of the fin 
spine in catfishes is of a moderately slender spine, often 
flexible, and with serrations only along the posterior 
margin. Stewart (1985, 1986. 1986a), Lundberg and 
McDade (1986), Buckup (1988) and Ferraris Jr (1988) 
discussed the phylogenetic implications of this 
apomorphy in the Pimelodidae. Loss of spines altogether 
and absence of a dorsal fin (Fink and Fink 1981; Howes 
1985) appear to be related apomorphies. 
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The Ariidae display interspecific variability in spine 
thickness and serrature and spines often thicken with 
age. Spines may be hard and stout with strong serrae or 
dentae, thin and finely serrated, distinctly rugose (e.g., 
Nemapteryx nenga), flat and broad, or formed by 
peculiar diagonal layering of supporting tissue (pectoral 
spine, Btigre marinus). As with skull ornamentation 
(character 28) however, I am not decided on whether 
the derived condition is only that of a thin, finely serrated 
spine. The impressive ornamentation of spines in taxa 
such as Nemapteryx macronotacantlnis, and the array 
of large serrations (dentae) along the inner margin of 
the pectoral spine in taxa such as Cinetodus carinatus, 
Ariopsis assimilis, Aspistor luniscutis and Nedystoma 
novaeguineae suggest that such character states are also 
derived. An additional (unrelated) apomorphy displayed 
by some taxa (e.g., Cephalocassis borneensis , Aspistor 
platypogon and Cryptarius n. gen. truncatus ) is a series 
of low ridges along the inner pelvic fin rays. 

State 0 = spines robust, moderately thick and strong; 
well-serrated; spine thickness increases with growth; 

1 = spines very thick, may be very rugose (sometimes 
internally chambered) and/or flattened or broad; 

2 = spines moderately thin, but with strong serrae; 

3 = spines moderately thin with fine serrae; 4 = very 
thin with few low serrae and somewhat flexible. 

54. Branchiostegal number. There is considerable 
variation in number of branchiostegals in catfishes and 
the plesiomorphic combination of higher number of 
branchiostegals, extensive gill opening and broad 
membrane is exhibited in many taxa. McAllister (1968) 
and Grande (1987) compared 18 catfish families and 
found that the more phylogenetically derived families 
possess fewer branchiostegals. Overall, the numbers 
range from 20 (Siluridae) to three (Callichthyidae). Some 
authors (e.g., Alexander 1965; Lundberg 1982) believed 
that a higher number is associated with a flattened head 
in catfishes; but Gosline (1973) doubted there is any 
correlation with head shape. He argued that the 
branchiostegal number is related to the tightness-of-fit 
of the gill cover over the gill chamber during inspiration 
and that the number of rays (or struts) is positively 
associated with the length of the gill cover’s 
anteroventral portion (more to fan out over a larger area, 
fewer to cover a smaller area). Gosline (1967) found 
there is often a three-way relationship between fewer 
branchiostegal rays, a broadly-united gill membrane and 
shorter lower jaw. 

The Ariidae have/ewer branchiostegals than do other 
catfishes having gill openings of comparable size and 
so appear to be apontorphic in this character. Even so, 
within the family it is difficult to suggest a trend for this 
character. Whilst most ariids (with either wide or 
restricted gill openings) have six branchiostegals, a few 
have seven: e.g., Hemiarius stormii, H. dioctes, Arius 
platystomus (Tilak 1965); and others having five have 


either a restricted (e.g., Batrachocephalus mino) or wide 
gill opening (e.g., Netuma thalassinus). 

In all ariids, the first two (outer) branchiostegals are 
broader than are the remainder and they may act as a 
suboperculum (a bone lacking in this family) (Tilak 
1965;Lenous 1967; Gosline 1973). The first ray in some 
taxa (e.g., Plicofollis n. gen. argyropleuron, Cathorops, 
Ketengus) is exceptionally broad, an apomorphy 
probably independently derived within the Ariidae. 

State 0 = 4 branchiostegals; 1 = 5 branchiostegals; 
2 = 6 branchiostegals; 3 = 7 branchiostegals; 4 = 8-9 
branchiostegals; 5 = more than 9 branchiostegals. 

55. Abdominal/precaudal vertebrae ratio. There is 
considerable variation in the length of the abdominal 
cavity in Siluriformes and Lundberg and Mago-Leccia 
(1986) discussed the direction of change of this character 
which may be associated with the relative size of the 
swim bladder. Albeit I found no clear correlation between 
swim bladder size and cavity length in ariids I examined, 
it is possible that there is one. 

Sensu Lundberg and Mago-Leccia (1986) 1 
determined the cavity length indirectly by calculating 
what percentage of the vertebral column was comprised 
of precaudal vertebrae (i.e. fused vertebrae of the anterior 
complex plus those with an open haemal arch), assuming 
all vertebral centra are of equal size. In the ariids, the 
number of precaudal vertebrae ranges from 12 in Arius 
quadriscutis to 30 in Leptarius dowii. The range in 
percentage of the vertebral column of all catfishes 1 
examined is 24 ( Aspistor kessleri, A. luniscutis , 
A. quadriscutis) to 47 ( Sciades proops, Plicofollis n. 
gen. nella). In other catfishes, the number of precaudal 
vertebrae ranges from nine ( Hypostomus ) to more than 
19 ( Pterodoras , diplomystids, some ictalurids and 
Clarias). In t Hypsidoris oregonensis Grande and de 
Pinna (1998) there are 18-19 precaudal vertebrae. 

State 0 = precaudal vertebrae 39% or more of total 
vertebral number; 1 = precaudal vertebrae 33-38% of 
total vertebral number; 2 = precaudal vertebrae 32% or 
less of total vertebral number. 

56. Naked body. A scaleless body is a derived 
condition in the ostariophysans. Most cypriniforms, 
characiforms and most primitive telcosts and 
gonorhynchiforms possess scales on all or part of the 
body, while the majority of catfishes (including ariids) 
and gymnotoids lack scales - although scales are often 
represented by ossified lateral line tubes (Roberts 1973; 
Fink and Fink 1981). Some catfishes (doradids, 
loricariids) possess bony plates or toothed scutes on the 
body. However, it is possible that such ‘armature’ is not 
homologous with the body scales of other ostariophysans 
(Roberts 1973; Fink and Fink 1981). 

State 0 = possession of bony plates or toothed scutes 
on the body; I = naked body. 

57. Gonad reduction. Most female ariids possess 
paired gonads of an unlobed, hollow type (Rimmer and 
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Merrick 1983). The exceptions are Nedystoma dayi and 
N. novaeguineae. In these taxa, the gonad forms a 
single, ovate unit having an internal incomplete septum. 
In Amissidens n. gen. hainesi and Cryptarius n. gen. 
truncatus , the proximal third of the ovaries are united. 

In these oral incubating fishes, the number of mature 
ova produced at each spawning is directly related to 
the number that can be accommodated in the male 
parent’s mouth: i.e., the smaller the parent, the less 
capacity has his mouth. Production and fertilisation of 
more ova than can be viably accommodated might be 
interpreted as a ‘waste' of reproductive effort. One 
solution could be to produce more smaller ova, but for 
fishes hatching large, precocial larvae (Fuiman 1984) 
as do the ariids, there must be a minimum amount of 
yolk required in the ovum. The alternative, of reducing 
the gonadal epithelium such that fewer ova are 
produced, appears to be the modus operandi in these 
small ariids (maximum recorded SL of Nedystoma dayi 
is 300 mm SL, of Nedystoma novaeguineae , 150 mm 
SL). Welcomme (1967) reported a similar relationship 
in the mouthbrooding Tilapia (Cicldidae), where the 
number of ova produced approximately equals the 
square of the total length (cm) of the parent fish. 
However, this ‘argument’ may not hold good, as 
Amissidens n. gen. hainesi attains 320 mm fork length, 
and Cryptarius n. gen. truncatus attains 420 mm total 
length - maxima certainly not among the smallest in 
the Ariidae. 

State 0 = reduced gonad shape; 1 = gonad ‘normal’ 
shape, bilobed. 

Characters not used in the analysis. 

1. Equivocal, stable or problematic characters. 

Pectoral girdle. Howes (1985) observed that a rigid 
girdle is lacking in midwater, shoaling fish (but see Bagre 
marinus, below), while loricariid catfish, which live on 
the substrate, have a reinforced girdle (Schaefer 1984). 

In the ariids, the cleithrum and coracoid are broadly 
united for most of their lengths. At the midline, the 
coracoids and part of the cleithrum are joined by 5-12 
pairs of interdigitations, such a joint providing strength 
and rigidity to the girdle (Roberts 1973). A complete/ 
broad midline connection between the coracoids is 
widespread and probably plesiomorphic in catfishes 
(Howes 1985; Bornbusch 1995). Schilbe, Synodontis, 
Pimelodus, the doradids and some bagrids have 
extensive girdle shelves, a feature lacking in the more 
derived Siluridae and Helogenidae (Alexander 1965). 
However, the derived ictalurid Trogloglanis has a broad 
symphysis compared to that in confamilials (Lundberg 
1982) and Bagre marinus has a broad and strong shelf. 
In Cathorops, the cleithrum is ridged and expanded 
laterally. Probably a broad pectoral symphysis is 
apomorphic in ariids. 

In ariids, the pectoral girdle curvature varies from 
being shallow and/or thin (e.g., in Brustiarius nox, 


Cochlefelis danielsi) to strong, stout and compact (e.g., 
in Cinetodus froggatti, cf. Arius macrorhynchus). The 
coracoid keel is strong, high and clearly defined in some 
taxa (e.g., Cathorops, Arius manillensis) and low and 
Hat in others (e.g., Cephalocassis melanochir). Although 
marked differences could be recognised, differences in 
height of the coracoid keel and coronoid process and 
amount of curvature of the girdle between different taxa 
could not be quantified because of ontogenetic variation 
and fallible measurement of curvature. The coronoid 
process height is significant in f Hypsidoris (Grande 
1987), while a short keel is plesiomorphic in ictalurids 
(Lundberg 1982). 

Caudal skeleton. In ariids, the caudal skeleton 
consists of: parhypural; hypural 1+2; hypural 3+4; 
hypural 5; cpural. In much of the skeletal material 
examined (of smaller individuals) the hypurals were 
imperfectly ossified and sometimes the third and fourth 
hypurals are incompletely fused. The significance ot the 
trend for caudal elements to unite or ossify as growth 
proceeds could not be assessed here because of 
differences in the SL of the examined material, yet the 
parhypural is clearly sutured with hypural 1+2 in, for 
example, Plicofollis n. gen. nella, Netuma thalassinus 
and Cinetodus crassilabris and partially fused with 
hypural 1+2 in Galeichthys. Lundberg and Baskin (1969) 
recorded variation in element fusion in different-sized 
ariids (including unfused in a 400 mm SL specimen ot 
Potamarius)). 

I was also unable to adequately quantify the limited 
variation exhibited in the size and position oi the epural. 
Lundberg and Baskin (1969) and Arratia et al. (1978) 
noted a trend towards loss of this element in the 
Trichomycteridae, and it is specifically polymorphic in 
the Pygidiinae (Arratia 1983). 

Hyomandibular articular facet. This facet either lies 
on the sphenotic (e.g., Arius manillensis), or extends over 
the sphenotic-pterotic suture (e.g., Aspistor kessleri) or 
occasionally (e.g., Aspistor hardenbergi, Plicofollis 
n. gen. nella, Sciades troschelii) it reaches as far as the 
front of the pterotic, a condition shared with other 
siluroids such as the Bagridae, Schilbeidae and 
Pimelodidae. This character’s significance in the ariids 
could not be accurately assessed from the material 
examined. 

Fifth parapophyses. In most ariids the parapophyses 
emanating from the anterior vertebrae are directed 
posterolaterally. However, in Nedystoma dayi, 
Hemiarius insidiator, Osteogeneiosus and Genidens they 
are directed at right angles to the vertebral centra. This 
condition also exists in the Ictaluridae (Lundberg 1982). 
In Cathorops and Potamarius the fifth parapophyses is 
angled forward or directed outwards, and may be united 
with the sixth (in a peculiar shape: Potamarius). The 
significance of these character states was not 
investigated. 
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Pelvic girdle. Shelden (1937) suggested that absence 
of a posterior process to the basipterygium is 
plesiomorphic in catfishes, and Grande (1987) pointed 
to the correlation between lack of a process and higher 
number of pelvic fin rays (more than seven) in about six 
catfish families. The form of the pelvic girdle posteriorly 
only varies slightly in most ariids (Tilak 1967a) and the 
basipterygium is generally short; but in Cathorops the 
basipterygium has an extensive, rounded posterior 
process, in Bagre marinus the posterior process is 
perhaps more extensive but with a truncate termination, 
and in Potarnarius it is enlarged and rounded. 

Urohyal shape. A triangular urohyal (when viewed 
from below) is common in catfishes, although 
considerable variation in this character is displayed 
throughout the Siluriformes. In some groups the urohyal 
is slender (e.g., the Schilbeidae, some bagrids, some 
silurids and the pimelodid Rhamdia), while in others it 
is broad and triangular (e.g., the bagrid Gephyroglanis 
(Skelton 1981), the ictalurid Trogloglanis (Lundberg 
1982), Pimelodus and the loricariid Hypostomus 
(Schaefer 1987) and the Chacidae (Brown and Ferraris 
Jr 1988)). In diplomystids the urohyal has short anterior 
processes and a long, median posterior extension (Arratia 
1987), and in t Hypsidoris and t Astephus it has three 
well-defined processes directed ventrally (Grande and 
Lundberg 1988; Grande and de Pinna 1998). 

The urohyal in the Ariidae is often narrow, the 
posteromedian and lateral arms long and tapered. In 
some (e.g.. Cathorops) it is broad and anteriorly 
truncate; in Brustiarius nox, B. solidus and Nedystoma 
novaeguineae the lateral arms are very slender and 
tending to bifurcate distally; in Galeichthys and 
Aspistor kessleri it is concave anteriorly and broad 
posteriorly; and in Cephalocassis borneensis the arms 
are broad. Although Lundberg (1982) suggested that a 
narrow urohyal is more primitive in catfishes, my 
findings in the Ariidae do not endorse this. 
Unfortunately, the character states of the ariid urohyal 
are difficult to define unequivocally, and there is 
intraspecific and ontogenetic variation in some taxa. 

Otoliths. When fresh material was available, the 
lapillus otolith (Arratia 1987) was extracted from the 
utriculus region of the skull and examined in an attempt 
to recognise and compare interspecific variation in 
form. The otolith shape is extremely uniform in the 
ariids and I found no assessable changes, except those 
associated with growth. However, when comparing the 
relative weights of otoliths taken from specimens of 
Ariopsis midgleyi and A. graeffei from Lake Argyle, 
northwestern Australia (Kailola and Pierce 1987), and 
miscellaneous collections of Sahul Shelf ariids, 1 found 
considerable interspecific variation. 

Weberian apparatus. Features of the Weberian 
apparatus are useful in classifying the families of 
catfishes, but of limited use for finer resolution (Chardon 


1968; Fink and Fink 1981). Krumholz (1943) found that 
ossicles differed in form between various North 
American ostariophysans; and Tilak (1965) attempted 
to show they do in ariids. Chardon (1968) perceived 
some variability in the shape of the ossicles in catfishes 
but attributed the variation to skeletal strength and other 
general adaptations. I also found no substantial 
differences in these structures in ariids; and as they are 
very small and easily damaged when extracting, 1 
consider that any perceived differences in their form 
cannot be reliably used to distinguish between taxa. 

Axillary pore. The pore (of the axillary gland) is 
located just ventral to the posterior cleithral process in 
most catfishes. In Diplomystes chilensis the opening is 
rounded or elongate, most individuals having two 
openings in each axil (Arratia 1987). Lundberg (1982) 
observed that the pore size is variable in the Ictaluridae, 
frequently lost with growth and absent in the derived 
genus Trogloglanis. Generally in ariids, the opening is 
moderately small. In Cinetodus , Potarnarius and Aspistor 
hardenbergi however, the opening is enlarged and ovate, 
while in other taxa (e.g., Plicofollis n. gen. dussumieri, 
Brustiarius solidus, B. nox) it is tiny. My attempts to 
quantify pore size proved unreliable, particularly on 
preserved material. 

Ascending parasphenoid alary processes (‘wings ’). 
Alary processes are present in most catfishes (Bhimachar 
1933): they suture with the pterosphenoid and thereby 
separate the optic foramen anteriorly from the 
trigeminofacial foramen. Diplomystes lacks the bony 
‘wings’, as do Trogloglanis and some trichomycterids 
(Lundberg 1982). The alary processes are frequently well 
developed in ariids and they range in shape from slender, 
long spurs (e.g., in Aspistor kessleri, A. luniscutis, 
Nemapteryx augustus, cf. Arius rugispinis), to groups 
of spurs (e.g., Ariopsis felis) to broad, low flanges (e.g.. 
in Nedystoma dayi, Arius manillensis), to no process 
(Potarnarius). In Bagre marinus the spur is so long it 
lies dorsad to the melaptcrygoid! The alary processes 
are often fragile however, and the considerable 
intraspecific and ontogenetic variation in their shape (and 
presence) precluded their meaningful contribution to a 
phylogenetic analysis. 

Ossification. The well-ossified neurocranium of 
diplomystids and many other siluroids appears to be 
plesiomorphic, yet according to Bhimachar (1933) a 
superficially bony skull is apomorphic among catfishes, 
just as is a thinly-ossified skull. Thinning of the skull 
bones and/or presence of persistent cartilage in adults is 
a derived condition often apparent in taxa achieving a 
small maximum size (Lundberg 1982). The ictalurid 
situation is mirrored in the Ariidae: weak cranial 
ossification occurs in Nedystoma novaeguineae, Bagre, 
Cephalocassis borneensis and C. melanochir, and there 
is a tendency towards it in Brustiarius nox - all of these 
are taxa attaining a small maximum size. Cartilage 
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persists in adult stadia between the sphenotic, 
pterotic and supraoccipital in C. borneensis and 
C. melanochir. Other ariids (e.g., Cinetodus carinatus, 
Bcitrachocephalus, Osteogeneiosus) display a second 
apomorphy: a heavily ossified skull, especially 
posteriorly. Howes (1983) and Stewart (1986) described 
poorly ossified cranial bones of some pimelodids as 
‘honeycomb texture with the frontal papyraceous’ or 
‘appearing extremely porous’, and such phenomena 
occur in, for example, Bagre species (frontal bones), 
Plicofollis n. gen. dussumieri, Plicofollis n. gen. nella 
and Osteogeneiosus (lateral ethmoid expansion), 
P. n. gen. nella again (expanded supraoccipital process) 
and Sciades species (nuchal plate). 

Relative skull ossification is, however, difficult to 
qualify; and more than one character seems to be 
involved. 

Premaxillary thickness. This character was difficult 
to qualify. Although the premaxillary is usually well- 
ossified in ariids, it is reduced and thin in some taxa, a 
condition I consider derived. Examples of taxa having a 
thin premaxillary are Nedystoma dayi and Amissidens 
n. gen. hainesi. In contrast, the premaxillaries of 
Batrachocephalus and Ketengus are very extensive and 
strongly ossified. Lundberg (1982) and Stewart and 
Pavlik (1985) cited similar situations in the ictalurid 
Trogloglanis and the pimelodid Cheirocerus. A possibly 
homoplastic condition exists in the gonorhynchiforms 
which have very thin and flat premaxillaries (Fink and 
Fink 1981). 

Lateral ethmoid shape. The usual and presumed 
plesiomorphic condition of the lateral ethmoid is short 
and triangular to rhombic (e.g., Fink and Fink 1981; 
Howes 1983, 1983a). In some ariids (e.g., Plicofollis 
n. gen. argyropleuron, P. n. gen. nella) the prominent 
‘eyebrow’ of large individuals is a good distinguishing 
feature. In the Ariidae there are several states of the outer, 
lateral prominence (‘wing’) of the lateral ethmoid, 
suggesting trends or synapomorphies in the family. About 
five different shapes occur in the ariids: triangular and/ 
or rhombic (Bagre marinas, Hemiarius grandicassis, 
Galeichthys ), or almost square/rectangular (Ariopsis 
felis, Nedystoma dayi). through sharp and attenuated 
(Plicofollis n. gen. layardi, P. n. gen. argyropleuron, 
Brustiarius nox), shallow and curved posteriorly 
(Nedystoma novaeguineae), long, slender and acute 
(Ariits manillensis, A. dispar) to large, truncate and 
oblong, expanded, and posteriorly directed (e.g., 
Plicofollis n. gen .polystaphylodon, P. n. gen. dussumieri, 
Hemiarius grandicassis, Potamarius). The lateral 
ethmoid is extensive ventrally in, for example, 
Cochlefelis spatula, C. danielsi, Netuma bilineatus and 
Aspistor kessleri and obscures the space between the 
frontal arms. 

The influence of ontogeny and intraspecific variation 
in the shape of the lateral ethmoid could not be assessed, 


and also, clear qualitative description proved difficult. 
This character may impart significant phylogenetic 
information; for example, Bornbusch (1995) used lateral 
ethmoid shape in his phylogenetic analysis of the 
Siluridae, and Armbruster (1998) used the character in 
analysing loricariids. 

Palatine facet. In summarising the different forms 
of the siluroid palatine, Howes (1985) found that on 
‘grounds of commonality’ the bone is rod-shaped and 
articulating with part of, or the entire, lateral ethmoid 
margin. This is the situation in the Ariidae, in which the 
articular facet lies half to two-thirds along the length of 
the palatine. 

The extent of the palatine-lateral ethmoid contact 
differs among the ariids: a long facet (e.g., as in 
Plicofollis n. gen. nella) appears to be the derived 
character state. Whereas de Pinna and Vari (1995) found 
the length and position of the palatine facet diagnostic 
for the Cetopsinae, I was unable to reliably quantify facet 
length in much of my material. Furthermore, although a 
short palatine appears to be derived, relative palatine 
length is difficult to assess, although it appears to differ 
among ariids. 

Supraoccipital shape. The majority ol siluroid taxa 
possess a triangular, flat supraoccipital bone which is 
tapered posteriorly to meet the nuchal plate (or preceding 
supraneural) before the dorsal fin. This apparently 
plesiomorphic system lends support to the dorsal spine¬ 
locking mechanism of some groups (Lundberg 1982) 
such as P an gas i us (Tilak 1964), t Hypsidoris (Grande 
1987) and most ariids. The ariids display about three 
derivations of the primitive supraoccipital form, although 
the effect of ontogeny appears to be significant. The 
posterior section may be slender and rectangular (as in 
Galeichthys. Hemiarius insidiator, Cephalocassis ); or 
very broad, often short (as in Aspistor hardenbergi, 
Sciades, Hexanematichthys sagor). The slender process 
in Plicofollis n. gen. nella and Hemiarius grandicassis 
(and some other taxa) expands outwards as growth 
proceeds. 

This character could have contributed to the 
phylogenetic reconstruction. It was omitted because of 
anticipated high levels of homoplasy and uncertainty 
whether character states could be accurately recognised 
in the different taxa (e.g., because of overlapping muscle 
tissue). Another related character, the height and form 
of the medial longitudinal keel on the supraoccipital in 
some taxa, could not be adequately quantified. The keel 
is frequently more dominant in juveniles. 

Uncinate process, epibranchial 3. As in the 
Diplomyslidae (Arratia 1987), only the third epibranchial 
bears an uncinate process in the Ariidae. This apomorphy 
is shared with several Asian catfish families (Tilak 1963; 
1963b; 1964; pers. obs.), the Bagridae (Tilak 1965a; 
Skelton 1981; pers. obs.), Chacidae (Brown and Ferraris 
Jr 1988). Plotosidae and Doradidae. 
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Although Mahajan (1966) believed that possession 
and form of the uncinate process was ‘significant’ in 
catfishes, unequivocal recognition of the various 
character states proved difficult in the material I 
examined. In most Ariidae, the uncinate process is 
angular and overlaps the middle of the fourth 
epibranchial, a condition I consider plesiomorphic. In 
some taxa (e.g., Plicofollis n. gen. argyropleuron) it is 
expanded slightly; in Hemiarius insidiator it overlaps 
the proximal part of the fourth epibranchial; and in 
Brustiarius nox and B. solidus the process is slender 
and articulates with the epibranchial. 

Chambered fin spines. Internal transverse partitions 
of the fin spines can be seen in radiographs of 
Hemiarius, Cephalocassis, Plicofollis n. gen. 
dussumieri, P. n. gen. nella, Nemapteryx nenga and 
N. macronotacanthus. In Netuma thalassinus and 
Hemiarius dioctes the spines are half-chambered. 
Taylor (1986) partly characterised Ariodes Muller and 
Troschel on its chambered spines (his definition 
however, was based on Arias dussumieri (= Plicofollis 
n. gen. dussumieri) and not on the type of the genus). 
This character appears to be very homoplastic. 

Barbel form and length. Barbels of inconsistent 
length and/or various apomorphic morphologies appear 
to have been independently derived in several catfish 
lineages. So it is with ariids: in them the barbels may 
be Battened and strap-like (Hexanematichthys sagor), 
rounded in cross-section ( Nedystoma novaeguineae), 
fleshy and flattened ( Arius venosus, 
A. leptonotacanthus), wisp-like (cf. Arius acutirostris), 
ribbon like (Bagre), stiff and rod-like ( Osteogeneiosus ; 
Sciades species (partly)), or have a low basal membrane 
{Cochlefelis spatula, Potamarius). Barbels may be very 
long (e.g., cf. Arius macrorhynchus) or short (e.g., 
Nemapteryx augustus) and may even vary in length with 
habitat ( Ariopsis leptaspis). 

Barbel structure may contain phylogenetic 
information; and Bornbusch (1995: Siluridae) and Chen 
and Lundberg (1995: Amblycipitidae) briefly discussed 
barbel structures. I conducted preliminary 
investigations into the composition of the barbels in 
representatives of less than twenty Indo-Australian ariid 
taxa using various staining techniques (mainly 
Mallory’s triple stain and haematoxylin). These 
investigations revealed that in all taxa except Hemiarius 
insidiator the barbel consists of a central rod of elastin 
tissue and two lateral rods of collagen fibre. In 
H. insidiator however, there arc no collagen rods. Ghiot 
and Bouchez (1980) found that the barbel of Pimelodus 
clarias (= Pimelodus blochii) consists largely of elastin 
and a single rod of collagen fibres. Study of barbel 
structure, which is largely lacking (Arratia 1987). may 
reveal important information on siluroid relationships. 

Snout crescent. Roberts (1978) partly diagnosed Arius 
cleptolepis Roberts (= Ariopsis berneyi (Whitley)) on 


its possession of a crescentic snout groove. Such a groove 
occurs in many ariids and is usually more apparent in 
juveniles. However, some taxa retain the snout crescent 
as adults (e.g., Hexanematichthys mastersi, Arius dispar, 
Netuma proximus) and the nominal genus Selenaspis is 
based on the presence of a transverse, flap-covered 
groove between each pair of nostrils (possibly not 
homologous with the snout crescent). I am uncertain 
whether these characters can usefully be employed in a 
phylogenetic analysis. 

Unculi? Roberts (1982) investigated the distribution 
in ostariophysan fishes of unicellular horny projections, 
which he termed ‘unculi’. These are related 
morphologically to the multicellular horny tubercles 
(including nuptial or breeding tubercles) of several 
groups of fish, among them the Ostariophysi (refer 
Wiley and Collette 1970). Roberts recorded unculi in 
six siluroid families (most of them phylogenetically 
advanced) and they are present in all ostariophysans 
except gymnotoids. Fink and Fink (1996) also discussed 
these structures. 

Individuals of about half the ariid taxa I examined 
have tiny elongate soft processes scattered over the 
snout and sides of the head in adults at all levels of 
maturity and both sex. Although closer examination 
using Electron Scanning Microscope techniques was 
only partly successful, it confirmed that these regularly- 
shaped structures are not strands of mucus nor artifacts 
of the fish’s preserved condition. Taxa possessing these 
structures include Bagre, Galeichthys, Ariopsis 
leptaspis, Cochlefelis spatula, Cinetodus crassilabris, 
Hexanematichthys mastersi, Aspistor platypogon, 
Plicofollis n. gen. dussumieri, Cathorops 
hypophthalmus and Hemiarius stormii. The function 
of these ‘unculi’ in the ariids is unknown and should 
be investigated: they are not associated with breeding. 
Although presence or absence of these tiny processes 
may be phylogenetically informative, it would have 
been premature to evaluate the character in my study, 
and I lacked fresh material of many taxa having them. 
The ‘cilia’ of ictalurids (Lundberg 1982) may/may not 
be homologous. 

Lateral line form. The lateral line in the Ariidae is 
variable in appearance. In most taxa the line is simple 
with regularly spaced short branches along its length, 
but in others (e.g., Cathorops fuerthii and 
C. hypophthalmus, Cephalocassis melanochir, 
Cryptarius n. gen. truncatus, Bagre bagre and 
Cochlefelis burmanicus) it is very ramose, especially 
anteriorly, the venules extending over the shoulder and 
sides of the head; and in some taxa (e.g., Plicofollis 
n. gen. crossocheilos, some Arius maculatus) numerous 
ramifications extend along the whole lateral line. Finally, 
in some ariids the anterior lateral line sensory tubules 
are encased in bony plates (e.g., Cinetodus froggatti, 
Hexanematichthys sagor), a condition thought to be 
plesiomorphic (Arratia 1987; Grande 1987). 
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Diversity in lateral line form is widespread in 
catfishes (Howes 1983; Buckup 1988; Ferraris Jr 1988) 
and is probably correlated with habitat. 1 did not 
investigate this in the Ariidae. 

Head height and body shape. Although it may not 
seem so, the general form of the ariid body is quite 
variable. Some taxa have a depressed head and slender 
body (e.g., Sciades spp, Hexanematichthys mastersi, 
H. sagor) or cylindrical body (e.g., Brustiarius nox, 
Cephalocassis ); in others the head (nape) is elevated 
(e.g., Batrachocephalus, Cathorops multiradiatus), or 
‘dog’-like (e.g., Potamarius, cf. Arias subrostratus), or 
spatulate (e.g., Cochlefelis burmanicus) or acute (e.g., 
cf. Arias acutirostris, cf. Arias macrorhynchus)\ the 
caudal peduncle is deeper in Plicofollis n. gen. 
argyropleuron and compressed in Hexanematichthys 
mastersi; and the marine Netuma thalassinus has a 
fusiform body. 

Fin filaments. A character supporting the genus 
Nemapteryx Ogilby (type species Arias armiger de Vis) 
is the presence of filaments on the fin spines. This 
phenomenon is not rare in juveniles of many taxa, yet 
persists in, for example, Arias macalatus, Nemapteryx 
armiger, N. nenga and Bag re; also cf. Arias subrostratus 
(Chandy 1953). Retention of fin filaments contains no 
phylogenetic information in ariids. 

Caudal fin shape. Tail shape is variable in siluroids 
(Lundberg and Baskin 1969). An emarginate shape is 
derived in ictalurids (Lundberg 1982); and a rounded 
tail is plesiomorphic in trichomycterids (Arratia et al. 
1978). The ariid caudal fin is forked or deeply emarginate 
and the lobes range from being broad and short (e.g., 
Amissidens n. gen. hainesi) to narrow and attenuated 
(e.g., Netuma thalassinus, Bagre bagre, Brustiarius nox). 
In an attempt to quantify caudal fin size, I calculated the 
ratio between medial and longest outer fin ray in a range 
of ariids, and found that the medial ray ranges from 
2.2-4.3 shorter than the outer ray. However, the results 
were equivocal. Although not revealed by the ratios, it 
is plausible that the ‘more benthic’ taxa have a shallower, 
broader caudal fin whilst the ‘more actively swimming’ 
taxa have a deeply forked and tapered fin. 

2. Meristic and morphometric characters. 

Total number of vertebrae. Stewart (1986a) 
concluded that the primitive vertebral count for catfishes 
is between 39 and 45. Nevertheless, whereas this may 
be a primitive range for siluroids, the range within 
individual catfish groups may be higher or lower: e.g., 
60+ in the clariids (Howes 1983); 30 to 63 in pimclodids 
(Stewart 1986a); preural vertebral number less than 
26 to 37 in the Loricarioidea (Schaefer 1987); 36 to 55 
in the Ictaluridae (Grande 1987); and 43 to 67 in the 
Ariidae. Either a reduced and/or a higher number is 
considered derived by different authors (e.g., Howes 
1983; Stewart 1986;1986a; Schaefer 1987; Ferraris Jr 
and Fernandez 1987; Kobayakawa 1989). 

Lundberg’s (1982) observation that species with 
similar total number of vertebrae can be very different 


in sectional counts is borne out in the ariids. For 
example, Cinetodus carinatus vertebral count is 
17-18 precaudal + 3 haemal + 29-30 caudal, Bagre 
count is 13-15+2-6+29-35, Cathorops count is 
13-16+3-5+26-32 and in Sciades the vertebral count 
is 18-19+2-6+27-36.1 compared preferred habitat and 
total or sectional vertebral count in ariids. but found 
no firm correlation. Vertebral counts may be useful at 
the species level (e.g., between Netuma thalassinus and 
N. bilineatus (Kailola 1986)) and I have used it (below) 
to support the status of some genera and species groups. 

Anal fin ray count. Primitive catfishes have 14-16 
(f Hypsidoris; Grande 1987; Grande and de Pinna 1998) 
or 11-15 ( Diplomystes ) anal fin rays. Lundberg (1982) 
suggested that a lower count is relatively more primitive 
in the ictalurids. Ranges presented in Grande (1987) 
and Arratia (1987) support this polarity. The most 
common anal ray count of the ariids lies between 
16 and 22, but a few taxa (e.g., Nedystoma 
novaeguineae) have very high counts. Higher anal ray 
counts have been recorded for autapomorphic 
auchenipterids and pimelodids (Buckup 1988; Ferraris 
Jr and Fernandez 1987) and are characteristic of some 
siluroid families (Grande 1987: Table 2). 

Gill raker number. Differences in the gill raker 
number in fishes generally reflects diet (Lagler et al. 
1962). Planktivorous fishes have more and slender 
rakers, whilst predaceous and omnivorous fishes have 
fewer and stout rakers. Generalised carnivory is 
widespread among primitive ostariophysans (Lundberg 
and Mago-Leccia 1986). Roberts (1972) pointed out that 
most of the survivors of global archaic fish groups are 
efficient predators. While Fink and Fink (1981) 
considered that planktivory has evolved independently 
several times, and Lundberg (1982) stated that extreme 
gill raker counts are probably derived, W.N. Eschmeyer 
(in lit., 2003) reasoned well that high gill raker numbers 
represent the plesiomorphic condition. 

Most ariids have a moderate or low gill raker count 
(9-22) on the leading edge of the first arch, a 
phenomenon correlating with the dominance of 
carnivory and omnivory in their diets. However, some 
taxa (e.g., Cathorops hypophthalmus, Amissidens 
n. gen. hainesi, Nedystoma dayi, N. novaeguineae) have 
more numerous (28-67) rakers. All but the enigmatic 
N. novaeguineae consume fine particles, such as 
suspended plant material and zooplankton, small insect 
larvae and fine detritus. 

Pectoral fin ray count. Stewart (1986) believed that 
a higher number (11 or more) of pectoral fin rays is the 
apomorphic state while Lundberg (1972) and Schaefer 
(1987) considered that a lower count is derived. Lower 
counts of segmented rays (6-10) are found in ictalurids 
(Taylor 1969; Lundberg 1982), some bagrids (Bailey and 
Stewart 1984), most pimelodids (Stewart 1986a), 
diplomystids (Arratia 1987), t Hypsidoris (Grande 1987) 
and most loricariids (Schaefer 1987). Tilak (1963) 
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suggested there is a trend in catfishes towards reduction 
in the number of fin radials and associated rays. 

The number of segmented pectoral rays ranges from 
8-13 in the Ariidae. Lower counts (8-9) occur in some 
groups (e.g., Brustiarius nox) and higher (12-13) in 
others (e.g., Plicofollis n. gen. argryopleuron). Rarely, 
the count differs between fin pairs of the one individual. 

3. Adaptive characters. 

Form of the jaw teeth. In the vast majority of 
siluroids, the jaw teeth are simple, conical or tapering 
structures (Schaefer 1987;pers. obs.). Alexander (1965) 
observed that the broad band of cylindrical (or 
cardiform) jaw teeth fin most unspecialised catfish’ are 
suited for holding food; and Gosline (1973) believed 
that ‘grasping’ dentition is ancestral. The teeth in 
t Hypsidoris are simple, sharp-tipped conical structures; 
those in diplomystids are close-set, elongate and conical 
with spatulate or pointed tips. All of the outgroup 
specimens examined have slender, conical or sharp- 
tipped teeth except for Pangasius and the callichthyids 
which have fine, villiform teeth. 

The range of premaxillary and dentary tooth type 
exhibited in the Ariidae is wide indeed, for example: 
spatulate or truncate with short cusps (Ketengus), 
truncate and ‘peg’-like ( Batrachocephalus ), slightly 
spatulate ( Cochiefelis ), strong and caniniform 
(Hemiarius stormii), conical with blunt or sharp tips, 
low and villiform, small and shallowly curved 
(Brustiarius) and molariform ( Cathorops ). I surmise 
that the more derived ariids possess a dentition other 
than the plesiomorphic condition of conical and slender 
jaw teeth. This view is supported by my study of ariid 
diet and feeding morphologies - diets ranging from 
general to specialised (e.g., molluscivory, frugivory, 
lepidophagy). 

Number of jaw teeth/width of tooth bands. The 
presumably plesiomorphic siluroid dentition is of 
moderately broad bands of grasping, usually 
depressible teeth that frequently point inwards (Gosline 
1973, 1975). These teeth work the prey back into the 
mouth (Alexander 1970) and, for large-mouthed 
catfishes employing a ‘sink’ ingestion method, appear 
to be functionally appropriate. Gosline (1973), who 
described the ‘sink’ mechanism (see also Roberts 1972; 
Howes 1983), determined that feeding in catfishes is 
done primarily by suction. Examples of siluroids (ariids 
included) having this dentition and feeding method are 
numerous. 

As well as different tooth form, ariids differ in the 
relative abundance of teeth on the premaxilla and 
dentary, and in some taxa adults have more series of 
teeth than do juveniles. Most wide-mouthed ariids have 
seven or more (to 16) series of teeth, and ariids with 
small or moderately narrow mouths have less than eight. 
Some predaceous, wide-mouthed ariids however, have 
few (one to six) series of teeth (e.g., Hemiarius 
insidiator, H. stormii), a condition which appears to 


contradict Gosline’s (1973) and other authors’ feeding 
theories. However, in four of these taxa, the teeth are 
non-depressible and wedge-shaped: these fish must 
seize their prey, the few well-spaced series of powerful 
teeth being just as or more effective than are numerous 
series of grasping, slender teeth. 

Mouth size, position and lip form. Most ictalurids, 
ariids, diplomystids, Hiypsidorids, many pimelodids, 
silurids, schilbeids and bagrids have wide mouths, 
compared to the smaller mouths of, for example, 
Pseudodoras (Alexander 1965), auchenipterids (Mees 
1974) and callichthyids. Approximately half of the 
ariids I studied have a mouth size 37% or more of head 
length: most of them are predaceous, some also 
omnivorous as juveniles. However, some ariids have a 
smaller, almost quadrangular mouth (e.g., Amissidens 
n. gen. hainesi) and others have a smaller, inferior 
mouth (e.g., Cephalocassis melanochir, cf. Arius 
macrorhynchus, Arius microcephalus ): these species 
sieve detritus and/or algae and detritus in the mid-water 
column. On the other extreme, Batrachocephalus and 
Ketengus have very wide mouths. The jaw symphyses 
are elevated in some wide-mouthed ariids (e.g., 
Nemapteryx armiger); and in some taxa (e.g., Bagre, 
Osteogeneiosus) the mouth is strongly curved. 

I consider the narrow-mouthed condition derived 
within the Ariidae and probably within the Siluriformes 
- where it has arisen independently in several lineages. 
The ariids display great variety in lip thickness (soft 
and fleshy or firm or reduced), snout shape (truncate 
or rounded or pointed) and mouth position (ventral or 
terminal or almost superior). All of these characters 
are associated with habitat and feeding ecology. 

Mobility of the jaw teeth. Fink (1981) recognised 
four types of tooth attachment in actinopterygian fishes. 
He suggested that the more primitive form is of fixed 
teeth and there is a predominant trend within the 
Actinopterygii to evolve teeth with depression 
mechanisms. 

Although investigation of tooth attachment mode 
was beyond the scope of my study, I consider that in 
the ariids, where paedomorphic expression of tooth 
attachment predominates, fixed jaw teeth are the 
derived character state. This state is exhibited by, for 
example, Hemiarius stormii, H. diodes and 
Nemapteryx augustus and is correlated with large 
mouth, predatory habit and macroscopic diet. 

Eye position and size. The usual siluroid eye 
position is superolateral; however Howes (1983) noted 
several unrelated siluroids having a ventrolaterally 
situated eye: Hypophthalmus, Ageneiosus, some species 
of Auchenipterus and Pangasius; also Ompok (pers. 
obs.). A ventrolateral eye is derived also in the Ariidae: 
the best examples are Nedystoma novaeguineae and 
Cathorops hypophthalmus ; and probably a superior eye 
(e.g., as in Ketengus) is also derived. 
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Eye size varies both inter- and intraspecificaliy and 
there is an overall trend in the Australo-Papuan ariids 
for negative allometry in eye size. However, in, for 
example, Hemiarius insidiator, Nemapteryx augustus 
and Ariopsis coatesi the eye is consistently small relative 
to head length at all growth stadia (mean less than or 
equal to 11 % head length), suggesting that these taxa inhabit 
waters with fast currents (Roberts and Stewart 1976). 

Papillae on rear of gill arches. Orobranchial papillae 
appear to have evolved independently in several catfish 
lineages. They occur in the Diplomystidae, 
Nematogeniidae (Howes 1983a; Arratia 1987), some 
Pimelodidae (Stewart and Pavlik 1985; Stewart 1986a) 
and several Ariidae including Guiritinga barbus, some 
Cathorops. Ariopsis velutinus, Plicofollis n. gen. nella 
and Cinetodus crassilabris. Other ariids have papillae 
on the palate only - for example Arius manillensis, 
Plicofollis n. gen. dussumieri and Aspistor luniscutis. 
In Cephalocassis melanocliir the raker-less backs of the 
first two arches are densely covered with papillae formed 
into about two rows. 

Roberts’ (1972) observation, that planktivorous and 
carnivorous fishes have smooth palates and gill arches 
compared to detrital feeders, applies to the ariids. 
However, I suspect that some omnivorous and 


predaceous taxa possess papillate surfaces at juvenile 
stadia only, the papillae not being required as the fish’s 
diet changes with growth. 

A distinct arrangement of the papillae and fleshy 
ridges form a synapomorphy for three pimelodid genera 
(Stewart and Pavlik 1985). H. Higuchi (pers. comm.) 
reported that gill arch papillae in some doradid taxa are 
provided with taste buds. 

Gut shape. 1 examined the Australo-Papuan taxa with 
a view to recognising differential gut forms following 
the lead of Merriman’s (1940) study of Bag re marinas 
and Ariopsis felis. Difference in intestinal convolutions 
has been used successfully to distinguish other fish 
groups (e.g., the Scombridae: Collette and Russo 1985). 

However, presence/absence of food in the gut and 
quality of specimen fixation affected the appearance of 
this character in the specimens I examined. Nevertheless, 
I found both more and less-convoluted gut forms in the 
ariids I examined; for example, very convoluted in 
Netuma thalassinus and Bagre marinus , and almost 
straight in Hemiarius dioctes and Cathorops fuerthii. 

Identification of valid ariid genera, natural 
subgroups and phylogenetic relationships of ariid 
taxa. One cladogram is presented (Fig. 15 A, B), a strict 
consensus of 972 trees from the PAUP* 4 beta 10 



Fig. 15B 


Rita spp. 

Anadoras grypus 
Pterodoras sp. 

Synodontis macrostigma 
Dianema spp. 

Hypostomus plecostomus 
Brochis splendens 
Schilbe mystus 
Ompok ieiacanthus 
Parasilurichthys phaiosoma 
Ompok miostoma 
Parasilurus asotus 
Noturus flavus 
Pylodictus olivaris 
ictalurus punctatus 
Pangasius hypophthalmus 
Dipiomystes chilensis 
Bagrichthys macropterus 
Bagrus docmak 
Chrysichthys auratus 
Neosilurus sp. 

Mystus sp. 

Rhamdia spp. 

Pimelodus blochii 


Fig. 15. Strict consensus tree of 972 trees, of 78 taxa, consistency index of 0.749, characters unordered and of equal weight, heuristic 
search (TBR): A, outgroup taxa. 
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Hemiarius dioctes 
Hemiarius insidiator 
Hemiarius stormii 
Nemapteryx armiger 
Bagre bagre 
Bagre marinus 
Cochlefelis danielsi 
Cochlefelis spatula 
Nemapteryx augustus 
Netuma proximus 
Guiritinga barbus 
Hexanematichthys mastersi 
Hexanematichthys sagor 
Ariopsis leptaspis 
Ariopsis latirostris 
Ariopsis midgleyi 
Ariopsis utarus 
Ariopsis graeffei 
Ariopsis berneyi 
Ariopsis pectoralis 
Netuma thalassinus 
Netuma biiineatus 
Aspistor hardenbergi 
Sciades emphysetus 
Galeichthys feliceps 
Ariopsis coatesi 
Ariopsis velutinus 
Ariopsis robertsi 
Guiritinga planifrons 
Brustiarius nox 
Brustiarius solidus 
Arius arius 
Ariodes arenarius 
Ariopsis felis 
Genidens genidens 
Cinetodus froggatti 
Cinetodus carinatus 
Cinetodus crassilabris 
Cinetodus conorhynchus 
Nedystoma dayi 
Nedystoma novaeguineae 
Cephalocassis borneensis 
Cephalocassis meianochir 
Cathorops hypophthalmus 
cf Arius macrorhynchus 
Plicofollis n.gen. argyropleuron 
Plicofollis n.gen. polystaphylodon 
Plicofollis n.gen. nella 
Amissidens n.gen. hainesi 
Batrachocephalus mino 
Cryptarius n.gen. truncatus 
Osteogeneiosus militaris 
Ketengus typus 
Ancharius brevibarbis 


Fig. 15. Strict consensus tree of 972 trees, of 78 taxa, consistency index of 0.749, characters unordered and of equal weight, heuristic 
search (TBR): B, ingroup taxa. 
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The catfish family Ariidae 


analyses. PAUP* 4 beta 10 found that two characters 
were uninformative. These are character 40 (secondary 
hypurapophysis) and character 52 (dentition on palate 
tooth plates). 

The results of the phylogenetic analysis of 57 
characters, spread over 54 ingroup (ariid) and 24 outgroup 
OTUs have led to a revised, and consolidated, generic 
classification of the Ariidae. This revised classification is 
supported by synapomorphies revealed from phylogenetic 
reconstruction, by associated meristic and morphological 
information, and by sets of homoplastic characters. The 
robustness of my revised classification of the Ariidae is 
evidenced by my testing the phytogeny revealed by an 
older version of PAUP (Kailola 1990) with this recent 
version. The phylogenetic analyses made by PAUP* 4 
beta 10 led me to better accommodate only Cryptarius 
n. gen. truncatus, Batrachocephalus mino, Guiritinga and 
Ariopsis species. 

Polarity, tree analysis and homoplasy. A recurring 
problem with the use of outgroup comparison for 
determining character polarity is the requirement that 
the interrelationship of the ingroup and outgroup is 
known, something not available for the Ariidae. Selection 
of outgroups for any catfish family can best be described 
as haphazard: almost all catfish families could be 
nominated as outgroups to the Ariidae as only about half 
of the known catfish families have been systematically 
reviewed since Regan (1911). Most of those that have 
been reviewed constitute the larger, or ‘more 
specialised', or more accessible groups. Thus, because 
polarity assessment is more robust the closer and more 
comprehensive the outgroup (Maddison et al. 1984), 
polarities in this study are necessarily more fragile. 

Resolution of the polarity matter in this study resulted 
in my selecting a functional outgroup {fide Watrous and 
Wheeler 1981; Arnold 1981) on several levels, following 
the examples of authors such as Lundberg (1982), 
Weitzman and Fink (1985), Arratia (1987), Schaefer 
(1987) and Vari (1989), viz : a generalised outgroup of 
siluroids, ostariophysans and plesiomorphic telcosts 
(e.g., Fink and Fink 1981) under the assumption that the 
state of an homologous character most widespread 
among them (but not including all or part of the ingroup) 
is plesiomorphic. Recourse to this ‘wider net’ of taxa 
was particularly helpful when (a) only equivocal polarity 
assessment was reached from comparison with 
presumably more closely related taxa; (b) assessing the 
character state in eight possibly closely related and 
presumably holistic (Howes 1985; Lundberg etal. 1988) 
catfish families (Bagridae, Pimelodidae, Doradidae, 
Synodontidae, Siluridae, Pangasiidae, Ictaluridae and 
Schilbeidae); (c) comparing the two recognised sister 
groups to the Siluroidea (Grande 1987): the 
Diplomystidae and the extinct jHypsidoridae; (d) using 
the ‘predominant-states’ method (Kluge and Farris 1969; 
Arnold 1981; Maddison et al. 1984). 


Although my use of ontogenetic transformation 
series to assess polarity was restricted because few very 
small specimens were available, ontogenetic 
precedence was the sole polarity criterion when 
morphological homologues were absent in outgroups 
(e.g., subvertcbral cone development, palatal dentition). 

The effect of using ariids from different world 
regions (where homoplasy remained high) to 
determine the extent of convergence within the family 
Ariidae merely confirmed that the convergences 
revealed are real. In the earlier analyses (Kailola 1990) 
the trees in which homoplasy was higher were those 
constructed from mainly ariid taxa, while those trees 
constructed from fewer ariid taxa plus the outgroup 
exhibited less homoplasy. The mixes of ariid taxa in 
the earlier analyses revealed that convergences and 
parallelisms of character states are common to all 
members of the family, not just to Australo-Papuan 
members. 

Sets of taxa consistently grouped at approximately 
comparable positions on earlier (Kailola 1990) and recent 
(this work) consensus trees. For example, of Australo- 
Papuan taxa, Nedystoma dayi + N. novaeguineae; 
Cinetodus crassilabris + C. froggatti + C. carinatus 
always established proximally and Hemiarius diodes + 
H. insidiator established distally. When extralimital taxa 
were incorporated in analyses with Australo-Papuan taxa 
the results revealed the following (‘higher.level’) 
clusters: Bagre + Ailurichthys; Arius + Ariopsis, usually 
+ Ariodes\ Batrachocephalus + Cryptarius n. gen. 
truncatus ; Hemipimelodus + Cephalocassis ; Hemiarius 
+ H. dioctes + H. insidiator, Hexanematichthys + 
H. master si’, Sciades + Aspistor hardenbergi; Catltorops 
+ Hemipimelodus + Cephalocassis + Nedystoma 
novaeguineae + N. dayi. However, the most 
parsimonious position of several individual taxa was 
inconsistent in all analyses and could not be resolved. 
These taxa include Nemapteryx armiger, Netuma 
proximus, Guiritinga barbus, Ariopsis utarus, Genidens 
genidens, cf. Arius macrorhynchus and Amissidens 
n. gen. hainesi. 

The weaving play of homoplasy in the family 
Ariidae is most remarkable. No one genus stands 
unequivocally on its own derived character states 
(autapomorphies): homoplastic characters make 
definite contributions to the composition of each. The 
spread of homoplasy through the family also - to me - 
underscores the commonality of the ariid ancestral 
stock. Ariid taxa draw on a suite of characters which 
often already exist: if they can be useful in a habitat, 
they are used; if not useful, they are not used (but still 
exist, somewhere, and can be drawn upon by another 
taxon, in another place); occasionally they appear to 
occur as non-contributing characters. 

Clades are largely supported by homoplastic 
characters (below). This ‘homoplastic’ situation in 
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Ariidae appears unusual among catfishes: for example, 
in a study of phylogenetic relationships among the 
Auchenipteridae, Curran (1989) was able to tighten his 
data set such that only one homoplastic character 
remained! 

Characters in which the states were frequently 
switched in the most parsimonious tree reconstructions 
include fin spine thickness, size of adipose fin, palatal 
flap development, posterior cleithral process size, 
mesethmoid shape, nasal shape, gill opening width, 
abdominal cavity length, first infraorbital (lachrimal) 
shape, posterior gill raker disposition and lateral line 
direction. It is remarkable that homologues of a number 
of these characters have been used ‘successfully’ in 
phylogenetic reconstructions of other siluroid families 
(e.g., the Ictaluridae, Chacidae, Loricariidae, 
Diplomystidae) where they rarely exhibit any 
homoplasy! The ‘reliance’ of ariid classification on 
homoplastic characters, and the hitherto unsuspected 
close relationship of taxa from widely separated 
geographic regions are illustrated below. 

• Hexanematichthys sagor (South-east Asia) and 
H. mastersi (southern New Guinea and Australia) share 
the derived character of reduction of the temporal fossa 
(as do, for example, Guiritinga barbus (South 
America), Brustiarius nox (northern New Guinea), 
Batrachocephalus (South-east Asia), Aspistor kessleri 
and A. platypogon (central America), Cephalocassis 
melanochir (Borneo) and Cathorops (central and south 
America)) and the synapomorphy of dark peritoneum 
(as do some taxa of Ariopsis (Americas)). 

• Hemiarius stormii (South-east Asia), H. dioctes 
and H. insidiator (southern New Guinea and northern 
Australia) form a clade supported by several derived 
states including a convex mesethmoid (also in, e.g., 
Netuma thalassinus (Red Sea to Australia), Bagre 
(central and south America), Nedystoma novaeguineae 
(southern New Guinea), Batrachocephalus and 
Cryptarius n. gen. truncatus (South-east Asia), 
thickened fin spines (not Hemiarius insidiator) (also 
in Batrachocephalus and Nemapteryx nenga (India to 
Asia)), enlarged mandibulary pores (also in, e.g., 
Cinetodus (southern New Guinea and Australia) and 
Bagre), an extensive metapterygoid and well-staggered 
chin barbels (also in, e.g., Nemapteryx armiger 
(southern New Guinea and Australia), Sciades (South 
America) and Nedystoma novaeguineae). 

• The synapomorphies of smooth neurocranium 
(also in Galeichthys (southern Africa and South 
America) and Cephalocassis) and reduced gonad unite 
Nedystoma dayi (southern New Guinea) and 
N. novaeguineae. Nedystoma also has more gill rakers 
on the first arch than have all other taxa except for 
Brustiarius nox, Cathorops hypophthalmus and 
Amissidens n. gen. hainesi (southern New Guinea and 
Australia). 


• The synapomorphy of a dark buccopharyngeal 
cavity supports the Brustiarius nox and B. solidus 
(northern New Guinea) clade. Other taxa having this 
derived character state are Amissidens n. gen. hainesi 
(New Guinea individuals) and Aspistor platypogon. 

• Possession of tiny mandibulary pores (also in taxa 
such as Batrachocephalus, Potamarius (central 
America), Aspistor hardenbergi (southern New Guinea) 
and A. luniscutis (Brazil)) and a convex mesethmoid link 
Cochlefelis danielsi with C. spatula (southern New 
Guinea). 

• The taxa Plicofollis n. gen. argyropleuron, 
P n. gen. nella, P. n. gen. polystaphylodon, P. n. gen. 
dussumieri, P. n. gen. crossocheilos, P. n. gen. layardi 
and P. n. gen. magatensis (East Africa and India to 
South-east Asia, Australia) are distinguished by the 
derived states of vertically narrowed caudal vertebrae 
(not in all taxa; also in Bagre), longitudinally-arranged 
posterior palatal tooth plates, scalloped margin to swim 
bladder (also in Netuma thalassinus, N. proximus 
(southern New Guinea and Australia), Cryptarius n. gen. 
truncatus, Osteogeneiosus (South-east Asia), Hemiarius 
and H. dioctes) and ‘club’-shaped vomer. 

• The character state of the independent epioccipital 
in the skull roof is present in Plicofollis n. gen. 
argyropleuron, P. n. gen. nella, P. n. gen. dussumieri, 
P. n. gen. polystaphylodon, Netuma proximus, Bagre, 
Aspistor luniscutis, Hemiarius sona (India) and 
Cryptarius n. gen. truncatus. Earlier analyses (Kailola 
1990) placed Netuma proximus either with 
Aspistor hardenbergi (epioccipital in the skull roof) or 
with Netuma bilineatus (India to Australia) and 
N. thalassinus. Whereas only two homoplastic characters 
- bifurcate lateral line and few posterior gill rakers - 
supported the pairing of N. thalassinus and N. bilineatus, 
the common character states of scalloped swim bladder 
shape, small and posterior adipose fin and absence of 
posterior gill rakers group these species with 
N. proximus. 

• The Cinetodus froggatti + C. carinatus and 
C. crassilabris + C. conorhynchus (all southern New 
Guinea) pairs are supported by the derived character 
states of extrascapular fusion with the epioccipital (also 
shared with Cathorops) and a long posterior cleithral 
process. 

An example of how the sharing of many convergences 
does not indicate a common phylogeny however, is best 
illustrated by Cathorops, Nedystoma, Hemipimelodus 
(Mekong River drainage to Borneo). Cephalocassis and 
Cinetodus crassilabris. These taxa share many 
convergences (an elevated subvertebral cone, a restricted 
gill opening (not Nedystoma novaeguineae), and small 
posterior cleithral process (not Cinetodus crassilabris)) 
and often the synapomorphies of high fourth neural 
spine-epioccipital flanges, pad-less female pelvic fins, 
an open posterior dorsomedian fontanelle, an 
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apomorphic frontal size and extensive laminar bone. 
However, Hemipimelodus, Cephalocassis , Nedystoma 
novaeguineae and Cathorops often have an almost skin- 
covered eye, and a rounded open posterior dorsomedian 
fontanelle (as also has Nedystoma). Only Cathorops and 
Cinetodus species possess a united extrascapular and 
epioccipital. The epioccipital invades the roof of the 
neurocranium in the geographically widely separated 
taxa of, for example, Cathorops. Plicofollis n. gen. nella. 
P. n. gen. polystaphylodon , Aspistor luniscutis and 
Cryptatius n. gen. truncatus. Although Cathorops is 
distinguished by several autapomorphies, the highly- 
developed flanges at the back of the neurocranium and 
the well-developed and intrusive epioccipital tend to 
support a closer relationship between Cathorops and 
Cinetodus crassilabris; and the relationship of these taxa 
with the phenetically similar Potamarius should also be 
investigated. Cathorops, Hemipimelodus, Cephalocassis 
and Cinetodus crassilabris, possessing two distinct 
ovaries and sexually mature females having padded 
pelvic fins, currently place no closer relationship 
between them and Nedystoma than sister taxa however. 

Sometimes 1 have refrained from nominating a higher 
taxonomic level to species groups based only on 
homoplasies. Such is the case of six Australo-Papuan taxa 
which I place here in Ariopsis: perhaps later studies will 
identify characters to prove or disprove the allocation. 
The first group of taxa ( Ariopsis velutinus + A. robertsi + 
A. coatesi) have in common a moderately large 
sub vertebral cone, an untoothed vomer, apomorphic 
frontal size (not A. velutinus), the posterior dorsomedian 
fontanelle always open, no toothed plates on the palate 
(not A. coatesi) and gill rakers present on the trailing edge 
of the second through fourth gill arches. The second group 
of taxa (Ariopsis graeffei + A. berneyi + A. pectoralis) 
share a moderately wide gill opening, either no or unstable 
patches of vomerine teeth variably present or absent, 
rakers present on the trailing edge of all gill arches and 
some individually derived character states (e.g., moderate 
buccopharyngeal pads in A. berneyi). 

My study showed that there is almost no difference 
between the nominal genera Arius (and Pseudarius) and 
Ariodes and Neoarius (India to South-east Asia and 
Australia), Ariopsis, Genidens and Guiritinga 
(Americas). Apart from dentition, the only characters 
that differentiate the taxa are the more homoplastic 
characters of relative extent of the gill openings, 
relative size of the subvertebral cones, buccopharyngeal 
ornamenture, size and shape of the temporal fossa, 
posterior dorsomedian fontanelle, frontal, post-cleithral 
process, adipose fin and mesethmoid, position of the 
metapterygoid, presence of posterior rakers, and final 
direction of the lateral line. In my original study 
(Kailola 1990) I excluded form of the jaw (and palatal) 
teeth from analysis on the basis that they are 
ecologically adaptive characters, correlated with diet. 


However, early authors (Bleeker 1863; Gunther 1864; 
Day 1877) used the form of the palatal teeth as a major 
character in classifications: Bleeker (1863) and Gunther 
(1864) re-defined eighteen nominal ariid genera or 
ordered the family, on the basis of palatal teeth form, 
disposition and presence; and Day (1877: 456) 
considered that whether palatal teeth are villiform or 
granular ‘forms a good method of division". 

Polarity for tooth form can be assigned on the 
assumption that the more plesiomorphic ariids possess 
teeth that are conical and slender (Alexander 1965; 
Gosline 1973; Roberts 1973; Arratia 1987; siluroid 
outgroup material). The type species of Arius (and 
Pseudarius) has granular (or molar-like, or blunt and 
conical) teeth on the palate, as has the type species of 
Ariodes. Ariopsis has fine and sharp teeth on the palate, 
as has Neoarius (type species Arius curtisii Castelnau). 
Guiritinga (type species Pimelodus commersonii 
Lacepede, = Pimelodus barbus Lacepede) has fine and 
conical, sharp palate teeth, and Genidens has conical 
palate teeth. 

Key to genera of Ariidae 

(Note: incertae sedae taxa are not included) 

1 a. Three pairs of barbels around mouth.4 

lb. Less than three pairs of barbels around mouth . 


.2 

2a. No maxillary barbels. Batrachocephalus 

2b. Pair of maxillary barbels.3 

3a. Maxillary barbels long and stiff; neurocranium 
heavily ossified. Osteogeneiosus 


3b. Maxillary barbels flexible, long and strap-like; 

neurocranium weakly ossified. Bagre 

4a. Buccopharyngeal pads and flaps well-developed; 
no teeth on palate; barbels thin and short 
(29-56% HL), only just reaching past eye; 28-37 

rakers on first gill arch; fin spines thin. 

. Amissidens n.gen. 

4b. Combination not as above.5 

5a. No teeth on palate.6 

5b. Teeth on palate (may be difficult to find in 

brooding males). 10 

6a. Mouth wide, extending well past eye; barbels 
equal to or shorter than eye diameter; single series 
of incisor-like, sometimes spatulate, teeth in 
strongly ossified jaws; only one frontal-lateral 

ethmoid extension (each side). Ketengus 

6b. Mouth small; jaw teeth not as above; two frontal- 

lateral ethmoid extensions (each side).7 

7a. Buccopharyngeal pads and flaps poorly- 
developed; subvertebral cone low; barbels short; 

eyes placed high on head. Potamarius 

7b. Buccopharyngeal pads and flaps well-developed; 

subvertebral cone moderate to high.8 

8a. Total gill rakers (first arch) 29-43... Nedystoma 
8b. Total gill rakers (first arch) 11-19.9 
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9a. No pads on inner pelvic fin ray; supraoccipital 
process broadly triangular; extrascapular and 
epioccipital united and exposed in skull roof; eye 

free of skin. Cinetodus 

9b. Pads on inner pelvic fin ray in mature females; 
supraoccipital process narrow; epioccipital not in 
skull roof; eye covered by skin .. Cephalocassis 
10a. Teeth on palate granular (molariform or coarse 

or conical and usually blunt, ‘peg’-like).11 

1 Ob. Teeth on palate fine, or as narrow cones with sharp 

tips, or spatulate. 13 

11a. Teeth in lower jaw fine; subvertebral cone low; 
flanges and ridges from epioccipital, fourth neural 
spine and vertebra lamina usually poorly 
developed; epioccipital not in skull roof; 9-15 

thoracic vertebrae. 12 

lib. Molariform teeth in inner row on mandible in 
some species; subvertebral cone high; flanges and 
ridges from epioccipital, fourth neural spine and 
laminae of anterior fused vertebrae high and 
extensive; epioccipital invades skull roof and is 
amalgamated with extrascapular; 7-10 thoracic 

vertebrae. Cathorops 

12a. Single patches of granular teeth on each side of 
palate; rakers present along back of all gill arches; 
vomer ‘T’-shaped; hind margin of metapterygoid 
aligned with hind margin of quadrate; swim 

bladder sides smooth. Arias 

12b. Two patches of granular teeth on each side of 
palate, longitudinally arranged; rakers absent 
from back of first gill arch and often second; 
vomer comprises an enlarged, rounded ‘head’ and 
short arms; metapterygoid enlarged and extending 
well beyond hind margin of quadrate; swim 

bladder sides usually scalloped or creased. 

. Plicofollis n.gen. 

13a. Jaw teeth sharp, fixed, non-depressible; jaws 
strong, lower jaw at symphysis directed upwards; 
chin barbel bases widely spaced; eye small (and 

may be covered by skin). 14 

13b. Jaw teeth villiform or fine and conical, 
depressible; remaining combination not as above 

. 16 

14a. A 29-33; GR (first arch) 45-51 . Nedystoma 

14b. A 15-25; GR (first arch) 12-22. 15 

15a. Swim bladder smooth-edged; mesethmoid 
truncate; posterior dorsomedian fontanelle usually 
deep and ‘tear-drop’ shaped; barbels long (not in 
N. augustus)', adipose fin short-based; dorsal fin 
spine bears a filament at all stadia. Nemapteryx 
15b. Swim bladder edge scalloped or creased; 
mesethmoid convex; posterior dorsomedian 
fontanelle shallow; barbels short (mandibulary 
long in H. insidiator)-, adipose fin long-based (not 
in H. insidiator ). Hemiarius 


16a. Adipose fin short-based and situated above 
second half of anal fin; caudal fin lobes slender 


and attenuated; body dark, or fusiform. 17 

16b. Combination not as above. 18 


17a. 8-10 pectoral fin rays; 19-67 rakers on first gill 
arch; jaws thin and upturned at symphysis; 9-13 
thoracic vertebrae; swim bladder smooth-sided 

. Brustiarius 

17b. 10-12 pectoral fin rays; 10-16 rakers on first gill 
arch; jaws terminal or subinferior; 12-15 thoracic 

vertebrae; swim bladder sides scalloped. 

... Net uma 

18a. Head broad; head shield usually extensive, 
granular or rugose; frontal bone broad anteriorly, 
space between frontal and lateral ethmoid may 
be reduced or absent; posterior dorsomedian 
fontanelle absent or very small; supraoccipital 
usually broad and short; nuchal plate usually 


expanding with age... 19 

18b. Combination not as above.21 


19a. Peritoneum dark or spotted dark; adipose fin long- 
based, spanning all of anal fin; 12-18 rakers on 
first gill arch; 13-18 thoracic vertebrae; no 

parasphenoid/orbitosphenoid teeth. 

. Hexanematichthys 

19b. Combination not as above.20 

20a. Subvertebral cone high; mesethmoid with two 
diverging, curved cornuae; nasal bone simple and 
rod-like; 11-15 rakers on first gill arch; 5-12 
thoracic vertebrae; swim bladder as one chamber 

. Aspistor 

20b. Subvertebral cone moderately low; mesethmoid 
truncate and stout; nasal bone curved; 16-24 
rakers on first gill arch; 11-20 thoracic vertebrae; 

swim bladder in two chambers. Sciades 

21a. Gill openings wide or moderately so; chin barbel 
bases not close together nor transversely aligned 

.22 

21b. Gill openings restricted, not open across isthmus; 
chin barbel bases close together and aligned.... 

.24 

22a. Epioccipital short, not contacting dorsal surface 
of bone overlying anterior complex vertebrae; 
exposed supraneural present between 
supraoccipital and nuchal plate; posterior cleithral 
process broad and fan-shaped; neurocranium 
almost smooth; no pads on pelvic fins of mature 

females. Galeichthys 

22b. Combination not as above.23 

23a. Head depressed; teeth in upper jaw in broad, 
curved band, band exposed beyond lower jaw; 
adipose fin long-based, equal to length of anal 

fin base; tiny mandibulary pores. Cochlefelis 

23b. Combination not as above. Ariopsis 

24a. Epioccipital in skull roof united with 
extrascapular to form one bone; no pads on pelvic 
fins of mature females; neurocranium thick and 
supraoccipital broadly triangular. Cinetodus 
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24b. Epioccipital in skull roof (or almost) as an extra 
bone to extrascapular; neurocranium not 
especially thick and supraoccipital not broadly 

triangular.25 

25a. Buccopharyngeal pads and Haps well-developed; 
laminar bone over anterior fused vertebrae 
extensive; posterior dorsomedian fontanelle heart- 
shaped or rounded; subvertebra] cone strong and 

high. Cephalocassis 

25b. Buccopharyngeal pads and flaps poorly 
developed; deeply excavated laminar bone over 
anterior fused vertebrae; posterior dorsomedian 
fontanelle elongate; subvertebral cone moderately 
high. Cryptarius n.gen. 

Revised classification of Ariidae 
Amissidens new genus 

Type species; Arius hciinesi Kailola 2000: 139, by 
monotypy. 

Diagnosis. Amissidens is characterised by the 
combination of toothless palate (although autogenous 
tooth plates are present), deeply excavated and elongate 
dorsomedian fontanelle, two large epithelial flaps on 
the palate posteriorly and double folds of epithelial 
tissue on the upper limb of the first two gill arches, 
and rakers present along the back of all gill arches. 
Pads on the pelvic fins of mature females are scalloped 
and tapered and the gonads in females are united along 
their proximal third. The metapterygoid is enlarged and 
ends well past the hind border of the quadrate, and the 
fin spines are thin, long and slender. 

The frontal-lateral ethmoid space is large and the 
lateral ethmoid is prominent. The palatines are long, 
the jaws are thin, and the premaxillary is short with 
truncate lateral margin. The laminar bone over the 
anterior vertebrae is extensive, and the Mullerian ramus 
is long. The triangular supraoccipital process has a 
prominent median keel. The short posterior cleithral 
process is heavily ossified anteroventraliy. 

The jaw teeth arc slender, in a short, oblong band; 
the lips are fleshy and thin and the mouth is small and 
almost quadrangular; all of the premaxillary tooth band 
is visible when the mouth is closed. A shallow groove 
is usually present on the snout between the posterior 
nostrils. The barbels are thin and wisp-like distally, the 
longest reaching only past the eye, 29-56% HL; the 
bases of the chin barbels are close together and aligned 
transversely. The eye is large, 14-24% HL. The gill 
openings are somewhat restricted and there are many 
(28-37) gill rakers. The adipose fin is short-based and 
situated posteriorly. The lateral line turns dorsad at the 
tail base. The branchial chamber and sometimes the 
hind part of the mouth often are coloured dark brown 
or purplish charcoal. Seven to ten longitudinal ridges 


or furrows develop in the skin of the nape and upper 
sides with growth. 

Br 6. A. 20-23. P. 1,10-11. Total gill rakers (first 
arch) 28-37. Vertebrae 6-7+10-11+3-5+27-29, total 
49-50. 

Etymology. From ammissus (Latin) meaning lost, and 
dens (Latin) meaning teeth (Brown 1956) in reference 
to the type species having autogenous tooth plates which 
lack the teeth they usually bear in other taxa. 

Comparisons. Amissidens shares with Nedystoma 
and Brustiarius character states such as a high number 
of gill rakers (28-37; 29-51 in Nedystoma-, 19-67 in 
Brustiarius), thin jaws, and short-based adipose fin. 
Amissidens, Nedystoma dayi and Brustarius nox have 
well-developed buccopharyngeal flaps and pads, 
epithelial folds around and before the anterior gill 
arches, and short-based adipose fin. With Brustiarius, 
Amissidens shares the presence of pelvic fin pads in 
mature females and moderately high subvertebral cone, 
reduced gonad and dark buccopharyngeal cavity (also 
in Aspistor platypogon). With Nedystoma it shares 
posteriorly broad frontals with narrow anterior arms. 
Nedystoma dayi and Cryptarius n.gen. also have a 
restricted gill opening and N. dayi has a toothless palate. 
Apomorphies of Amissidens hainesi are shared with 
representatives of other genera: a long Mullerian ramus 
(with Hemiarius dioctes, Cinetodus, Nedystoma dayi)-, 
a conspicuous and irregularly-shaped dorsomedian 
fontanelle (with Nemapteryx armiger). The proximal 
third of the gonads in females are united also in 
Cryptarius n. gen. truncatus. 

Distribution. Sahul Shelf (southern New Guinea, 
northern Australia). Near-shore coastal waters to tidal 
reaches of rivers. 

Taxa. One species: Amissidens hainesi (Kailola, 

2000 ). 

Ariopsis Gill, 1861 

Ariopsis Gill, 1861: 56 (type species, Arius milberti 
Valenciennes, 1840a, by monotypy). 

Neoarius Castelnau, 1878: 237 (type species, Arius 
curtisii Castelnau, 1878, by monotypy). 

Diagnosis. Ariopsis is characterised by having 
villiform or sharp, fine conical teeth on the palate in 
one or two patches on each side, or rarely, no teeth; in 
combination with the lateral line turning upwards at 
the tail base, the subvertebral cone being low or 
moderate-sized, the buccopharyngeal pads being low 
or moderate-sized and the adipose fin of moderate size 
and above the middle of the anal fin. 

The ridges and lamellae of the epioccipital are low 
to well elevated ( Ariopsis felis). The mesethmoid is 
notched with short or broad cornuae, and the nasal bone 
is simple, either straight or curved. The vomer is 
‘T’-shaped. The pores on the mandible are small (A. felis) 
to moderately large. The epioccipital does not enter the 
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skull roof. The temporal fossa is either prominent at all 
growth stadia (e.g., A. grciejfei) or tending to reduce with 
growth (A. felis). The metapterygoid hind margin is 
above the middle of the quadrate except in A. felis where 
it is in line with the hind margin of the quadrate. When 
present, the posterior dorsomedian fontanelle is elongate. 
The frontal is either narrow or broad posteriorly 
(A. robertsi, A. coatesi), and the laminar bone of the 
anterior vertebrae covers the bases of the fourth to sixth 
transverse processes. 

Sometimes there are no teeth on the palate (see 
below) and the gill openings range from wide to 
moderately wide (Ariopsis berneyi, A. felis). Rakers 
may be present along the back of all gill arches (e.g., 
A. graeffei), absent from the first (e.g., A. latirostris, 
A. utarus) or absent from first and second (e.g., A. felis, 
A. leptaspis). The chin barbel bases are neither close 
together nor widely separated. Mature females develop 
pads on the inner pelvic fin rays; the swim bladder is 
ovate or heart-shaped, and the female gonad is bilobate. 
The fin spines are robust, thick and serrated and the 
skull surface is granular to rugose. 

Ariopsis felis : Br 6. A. 15-17. P. 1,10-11. Total gill 
rakers (first arch) 13-16. Vertebrae 7+11-12+6-8+27- 

29, total 53-54. 

All species: Br 6. A. 14-24. P. 1,9-12. Total gill 
rakers (first arch) 10-33. Vertebrae 7+10-15+5-8+25- 

30, total 49-56. 

Comparisons. Most species have patches of teeth on 
the vomer and on the palatines, and the shape and 
relationship of the tooth patches varies, the tooth patches 
often enlarging with age. Four Sahul Shelf taxa ( Ariopsis 
pectoralis, A. velutinus, A. robertsi, A. cocitesi ) lack 
vomerine teeth, and two of these ( Ariopsis velutinus, 
A. robertsi) also lack palatine teeth. Such species 
previously were included in the nominal genus 
Hemipimelodus Bleeker because of that trait (Weber and 
de Beaufort 1913; Desoutter 1977; Roberts 1978). In some 
American taxa (e.g., Ariopsis seemani, A. guatemalensis) 
the axil and upper surfaces of the pectoral and pelvic fins 
are dusky or bluish (as in Cinetodus), the barbels are 
darkly pigmented, and (in Ariopsis seemani) the 
peritoneum is stippled black, sometimes densely (as in 
Hexanematichthys, and Arius oetik). 

The PAUP analyses consistently identified two 
groups of Ariopsis within the Sahul Shelf complement: 
Ariopsis berneyi, A. graeffei and A. pectoralis in one 
group, and A. coatesi, A. robertsi and A. velutinus in 
the other (Fig. 15). 

No significant character states in my matrix 
distinguished Guiritinga barbus (Lacepede, 1803) and 
G. planifrons (Higuchi, Reis and Araujo, 1982) from 
the taxa I am placing in Ariopsis. Even so, I identified 
several character states (unscored) in G. barbus and G. 
planifrons that are not present in these Ariopsis taxa 
(see Incertae sedae below for more discussion). 


Distribution. Central America, south-eastern North 
America, northern South America, New Guinea and 
Australia. Inshore coastal, estuarine and fresh waters. 

Taxa. About nineteen valid taxa. Eleven taxa from 
the Sahul Shelf: Ariopsis berneyi (Whitley, 1941) 
(synonym: Arius cleptolepis Roberts, 1978); A. coatesi 
Kailola, 1990a; A. graeffei Knerand Steindachner, 1866 
(synonyms: Arius australis Gtinther, 1867 , Arius curtisii 
Castelnau, 1878); A. leptaspis (Bleeker, 1862); 
A. latirostris (Macleay, 1884) (synonyms: Arius 
acrocephalus Weber, 1913; Arius digulensis Hardenberg, 
1936); A. midgleyi ( Kailola and Pierce, 1988); A. paucits 
(Kailola, 2000); A. pectoralis (Kailola, 2000); A. robertsi 
(Kailola, 1990a) (synonym: Arius taylori Roberts, 1978); 
A. utarus (Kailola, 1990a); A. velutinus (Weber, 1908) 
(synonym: Hemipimelodus papillifer Herre, 1935). 
American taxa are: A. assimilis (Gunther, 1864); 
A. bonillai (Miles, 1945); A. felis (Linnaeus, 1766); 
A. guatemalensis (Gunther, 1864) (synonyms: Arius 
caerulescens Gunther, 1864; Galeichthys azureus Jordan 
and Williams in Jordan. 1895); A. insculptus (Jordan and 
Gilbert, 1883); A. lentigiitosus (Eigenntann and 
Eigenmann, 1888) (synonym: Galeichthys xenauchen 
Gilbert in Jordan and Evermann, 1898); A. seemanni 
(Giinther, 1864) (synonyms: Tachisurus jordani 
Eigenmann and Eigenmann, 1888; Galeichthys gilberti 
Jordan and Williams in Jordan, 1895; G. eigenmanni 
Gilbert and Starks, 1904; G. simonsi Starks, 1906); 
A. surinamensis (Bleeker, 1862a). 

It is tempting to include three Madagascar species 
(Arius madagascariensis Vaillant, 1894, Ariusfestinus 
Ng and Sparks, 2003 and Arius uncinatus Ng and 
Sparks, 2003) in Ariopsis. I have seen limited material 
of A. madagascariensis only. 

Literature synonyms of Ariopsis felis are Arius 
equestris Baird and Girard, 1854; Galeichthys 
guentheri Regan, 1907; and Arius milberti 
Valenciennes, 1840a. I have not examined type 
material. 

Arius Valenciennes, 1840 

Arius Valenciennes, 1840a: 53 (type species, 
Pimelodus arius Hamilton, 1822, by absolute 
tautonomy). 

Ariodes Muller and Troschel, 1849: 6 (type species, 
Bagrus (Ariodes) arenarius Muller and Troschel, 1849, 
by subsequent designation by Bleeker 1863). 

Pseudarius Bleeker, 1862: 8 (type species, 
Pimelodus arius Hamilton, 1822, by original 
designation). 

Diagnosis. Arius is characterised by having single 
patches of granular (moiariform. coarse, conical and 
usually blunt) teeth on each side of the palate, rakers 
present along the back of all gill arches, and the lateral 
line usually bifurcating at the tail base. In combination 
with these, the mesethmoid has a deep, median notch, 
the vomer is ‘T’-shaped, the hind margin of the 
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metapterygoid is aligned with the hind margin of the 
quadrate and the vomer is edentate. 

The subvertebral cone is moderately to well-elevated 
and the laminae and ridges of the fourth neural spine 
and epioccipital are low to moderately elevated. The 
nasal bone is a simple, straight tube or curves in line 
with the mesethmoid neck, and the lachrimal has a well- 
produced angle. The mandibulary pores are moderately 
large or small (A. manillensis). The epioccipital does 
not enter the skull roof. The temporal fossa is prominent 
or tends to reduce with growth (71. arius) and the 
posterior cleithral process is often heavily ossified 
proximally. The skull surface is granular to rugose or 
striate, and the elongate posterior dorsomedian 
fontanelle reduces with ontogeny or remains. There are 
four infraorbitals. The frontal bone is moderately broad 
at its middle or posteriorly and the process of the lateral 
ethmoid becomes prominent in some species. 

The gill opening is moderately wide to less wide 
and the buccopharyngeal pads are poorly to well 
developed. The chin barbel bases are evenly spaced 
(neither close together nor wide apart), the adipose fin 
base is moderately long, the lateral line usually 
bifurcates at the tail base (although in individuals of 
different species it may only turn upwards), the swim 
bladder is rounded or heart-shaped, the gonads are 
bilobate and mature females develop pads on the inner 
pelvic fin rays. Rakers are present along the back of 
all gill arches (sometimes absent from the first arch in 
A. oetik). The two palatal tooth patches are situated 
towards the front (e.g., A. dispar, A. arenarius, 
A. arius), more posteriorly (e.g., A. maculatus), 
lengthwise from front to back (e.g., A. gagora) or over 
much of the palate (A. manillensis). 

Arius arius: Br 6. A. 17-22. P. 1,10-11. Total gill 
rakers (first arch) 14-17. Vertebrae 7+11-12+5+29, 
total 52-53. 

All species: Br 6-7. A. 17-23. P. 1,10-12. Total gill 
rakers (first arch) 13-21. Vertebrae 6—8+11 — 13+4— 
6+27-30, total 49-54. 

Comparisons. The palatal teeth of Arius are 
always granular, yet sometimes they have acute tips 
(e.g., A. dispar). In A. microcephalus they are large 
and globular. Individuals of A. oetik have a grey 
peritoneum (cf. Hexanematichthys), not common in 
the genus. Extra (posterior) patches of palatal teeth 
may be present (A. dispar). It is only in Arius and 
Plicofollis n. g. that brooding males shed palate teeth 
as a protection for the brooded young instead of, or 
as well as (e.g., A. microcephalus), enveloping the 
teeth in thickened palate epithelium (as is usual in 
other genera). 

Distribution. The Andaman Islands and the east 
coast of India to Sumatra, Java and the Philippines. 
Coastal waters and estuaries and into freshwater 
(A. jatius, A. manillensis). 


Taxa. More than thirty nominal species, of which 
the following are probably valid: Arius arenarius (Muller 
and Troschel, 1849) (synonyms: Arius fangi Chaux in 
Chaux and Fang, 1949; Arius sinensis Chu et al., 1999 
(non Lacepede)); A. arius (Hamilton, 1822) (synonyms: 
Ariusfalcarius Richardson, 1845; Anns cochinchinensis 
Gunther, 1864; Arius boakeii Turner, 1867; ? Arius 
buchanani Day, 1877); A. dispar Herre, 1926 ; A. gagora 
(Hamilton, 1822); A. jatius (Hamilton, 1822); ?A. jella 
Day, 1877; A. leptonotacanthus Bleeker, 1849 (synonym: 
Arius goniaspis Herre, 1926 (non Bleeker)); 
?A. macracanthus Gunther, 1864; A. maculatus 
(Thunberg, 1792) (synonyms: Pimelodus thunberg 
Lacepede, 1803; Arius gagoroides Bleeker, 1846; Arius 
pidada Bleeker, 1846 (in part); Arius arius Bleeker, 1858 
(non Hamilton); Hemipimelodus bicolor Fowler, 
1935; Hemipimelodus atripinnis Fowler, 1937); 
A. malabaricus Day, 1877; A. manillensis Valenciennes, 
1840a: 93 (synonym: Pseudariusphilippinus Sauvage, 
1880); A. microcephalus Bleeker, 1855 (synonym: Arius 
sciurus Smith, 1931); A. oetik Bleeker. 1846 (synonym: 
Arius pidada Bleeker, 1846 (in part)); A. platystomus 
Day, 1877; A. sumatranus (Bennett, 1830); A. venosus 
Valenciennes, 1840a. 

Literature synonyms of Arius falcarius are Bagrus 
crinalis Richardson, 1846 and Pimelodus mong 
Richardson, 1846. Literature synonyms of A. maculatus 
are A. sinensis Valenciennes, 1840 (synonym: Pimelodus 
tachisurus Valenciennes, 1840a); A. angulatus Bleeker, 

1846; A. chondropterygioides Bleeker, 1846; A. heckelii 
Bleeker, 1846 and A. viviparus Bleeker, 1846. Literature 
synonyms of Arius venosus are A. laeviceps Bleeker, 
1846; A. macruropterygius Bleeker, 1846; A. manjong 
Bleeker, 1846; A. micronotacanthus Bleeker, 1846 and 
A. / nicruropterygius Bleeker, 1847. 1 have not examined 
type material of these taxa. 

Comments. The relationship of the following taxa 
should be investigated: (1) A. dispar with 
A. manillensis-, (2) A. venosus and A. sumatranus (Day 
(1877), followed by Kailola (1999) who remarked that 
the species are closely allied; they may be 
synonymous); (3) A. jella, A. macracanthus and 
A. malabaricus with A. maculatus and A. gagora. The 
type of A. macracanthus is from Siam: Smith (1945) 
followed Day’s (1877) decision to include it in the 
synonymy of A. gagora. Hamilton (1822: 168) stated 
of A. gagora: ‘On the palate are two bones covered 
with sharp crowded teeth’, which raises the question 
of whether Day (1877: 465-466) and later authors (e.g., 
Jayaram 1982) were describing the same species (my 
material was from Day’s collection). Dhanze and 
Jayaram (1982) recognised A. gagora and A. jella. Arius 
gagora has page priority over A. arius and is figured 
by Hamilton (1822: pi. 10, fig. 54). 

Arius manillensis Valenciennes, 1840a: 93 (also in 
Herre 1926) is not conspecific with Pimelodus 
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manillensis Valenciennes, 1840a (in Desoutter 1977 as 
Hemipimelodus manillensis). The status of Pimelodus 
manillensis is uncertain, as is that of Hemipimelodus 
manillensis of Day (1877), Chandy (1953) and Jayaram 
(1982). 

Aspistor Jordan and Evermann, 1898 

Aspistor Jordan and Evermann, 1898: 2763 (type 
species Arias luniscutis Valenciennes, 1840a, by 
original designation) 

Diagnosis. Aspistor is characterised by the 
combination of a (usually) broad, granular or rugose 
head, the epioccipital usually invading the skull roof, 
a moderate to high subvertebral cone, a single (anterior 
chamber) swim bladder, elongate distal caudal 
vertebrae (sometimes), and 5-12 thoracic vertebrae. 

The mesethmoid is shallowly notched anteriorly. 
The frontal bone is broad, expanding forwards with age 
to reduce the space between it and the lateral ethmoid, 
although in A. kessleri and A. hardenbergi the frontal 
arms are narrow and the space moderately large. The 
supraoccipital is either short and broad, or elongate, 
and the predorsal bone (‘nuchal plate’) increases in size 
with growth and becomes large (either butterfly-shaped 
or crescentic) in some species (e.g., A. luniscutis, 
A. quadriscutis). The laminae and ridges of the fourth 
neural spine and epioccipital are moderately or well- 
developed. The extrascapular remains as a distinct 
bone. The temporal fossa remains open (e.g., 
A. planiceps, A. quadriscutis) or is closed over (e.g., 
A. platypogon, A. luniscutis), the posterior dorsomedian 
fontanelle is reduced, and the mandibulary pores are 
either tiny or moderately large. The distal caudal 
vertebrae are noticeably elongate in some species. The 
post-cleithral process is broad and bears radiating lines 
of granules. 

The teeth on the jaws are conical; bluntly conical 
or granular on the palate. The vomerine tooth patches 
coalesce to form one patch with age, the much larger 
and elongate autogenous patches on the palate expand 
with age, sometimes extending over most of the palate 
except for a narrow space along its midline, and 
parasphenoid /orbitosphenoid teeth are sometimes 
present (e.g., A. platypogon). The barbels are thick 
proximally and thin distally; the gill openings 
moderately wide, their margins free; rakers are absent 
from the back of the first and second gill arches. The 
dorsal and pectoral fin spines are robust and granular 
in front and serrated behind (strongly so in A. kessleri)-, 
the adipose fin base is long (A. hardenbergi) to short 
( A. platypogon). The swim bladder is rounded or heart- 
shaped and in A. platypogon there are low ridges along 
the inner pelvic fin rays. The condition of the pelvic 
fins in mature females is unknown. In juvenile(?) 
A. platypogon the buccal cavity and gill arches may be 
charcoal or dusky, and in this species and 


A. hardenbergi the upper aspects of the paired fins are 
often dark blue. 

Aspistor luniscutis-. Br? A. 18-20. P. 1,11. Total gill 
rakers (first arch) 12-14. Vertebrae - (not available). 

All species; Br 6?. A. 16-20. P. 1,9-11. Total gill 
rakers (first arch) 10-15. Vertebrae 7-8+5-12+5- 
8+26-32, total 49-55. 

Comparisons. Aspistor, Sciades and 
Hexanematichthys are closely related taxa and share a 
comparable morphology. Their most striking characters 
are the broad, granular head (though not in all species), 
expansive frontal bone and the expanding predorsal 
plate (not in all species). Aspistor is distinguished 
however, by the combination of high subvertebral cone 
(moderately low in the other taxa), the epioccipital 
invading the skull roof in most taxa while the 
extrascapular remains as a distinct bone (in Sciades 
emphysetus and S. proops the epioccipital nudges the 
skull roof), the notched mesethmoid with two diverging, 
curved cornuae, the simple, rod-like nasal bone, a low 
number (5-12) of thoracic vertebrae (cf. 11-20 in 
Sciades, 13-18 in Hexanematichthys ), a single (anterior 
chamber) swim bladder (cf. Sciades) and a lower gill 
raker count (11-15 cf. 16-24 in Sciades, 12-18 in 
Hexanematichthys). Bagre marinas and Plicofollis 
n. gen. species have elongated distal caudal vertebrae 
also, but the elongation is vertical rather than horizontal 
(as here). 

Distribution. North-eastern South America, 
western central America, southern New Guinea. Inshore 
coastal waters and estuaries. 

Taxa. Seven to eleven valid species: lAspistor 
cookei (Acero and Betancur-R, 2002); A. hardenbergi 
(Kailola, 2000); A. kessleri (Steindachner, 1877) 
(synonyms: Arius elatturus Jordan and Gilbert, 1883; 
Netuma insularum Greene in Gilbert, 1897); 
A. luniscutis (Valenciennes, 1840a); ?A. neogranatensis 
(Acero and Betancur-R 2002a); ?A. osculus (Jordan and 
Gilbert, 1883); A. planiceps (Steindachner, 1877); 
A. platypogon (Gunther, 1864) (synonym: Netuma 
mazatlana Gilbert, 1904); A. quadriscutis 
(Valenciennes, 1840a), ?‘ Arius’ species A of Kailola 
and Bussing, 1995 and ? ‘Arius’ species B of Kailola 
and Bussing, 1995. 

Comments. The studies by Aguilera and de Aguilera 
(2004) and Acero and Betancur-R (2002, 2002a) aided 
my determination of this genus. 

Bagre Cloquet, 1816 

Bagre Cloquet, 1816: 52 (type species Silurus bagre 
Linnaeus, 1766, by absolute tautonomy). 

Glanis Agassiz in Spix and Agassiz, 1829: 46 (type 
species Silurus bagre Linnaeus, 1766, by subsequent 
designation by Kottelat 1988). 

Stearopterus Minding, 1832: 116 (type species 
Stearopterus bagre Minding, 1832, by monotypy). 
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Breviceps Swainson, 1838: 328. 343 (type Silunis 
bagre Bloch, 1794, by monotypy. Name preoccupied; 
replaced by Felichtliys Swainson, 1839). 

Ailurichthys Baird and Girard, 1854: 26 (type 
species Silunis marinus Mitchill, 1815, by subsequent 
designation by Jordan and Evermann 1896. Spelled 
Aelurichthys by Gill 1863). 

Mystus Gronow in Gray, 1854: 155 (type species 
Mystus carolinensis Gray, 1854, by subsequent 
designation by Jordan and Evermann 1896). 

Anemanotus Fowler, 1944: 171 (type species 
Ailurichthys panamensis Gill, 1863, by original 
designation). 

Diagnosis. Bagre is characterised by having two 
pairs (maxillary and mental) of barbels of which the 
maxillary barbels are long and strap-like; the pectoral, 
and sometimes the dorsal spine, bearing a long, strap¬ 
like and striated filament; three forward extensions 
from each side of the frontals; thin cranial bones, 
tending to be vacuolated; a low and flat subvertebral 
cone; and many (19-36) anal fin rays. 

The usually convex mesethmoid has broad cornuae, 
the nasal bone is either curved or irregularly shaped 
{B. bagre) and there are three ( B. bagre) to six 
(B. marinus) infraorbitals. The frontals are broad, 
humped, expanding anteriorly with growth. The three 
arms directed anteriorly interface with the mesethmoid 
and the lateral ethmoid. The frontal also bears two 
longitudinal ridges or rods aligned with the nasal 
bones (ridges covered by a shelf of vacuolated bone 
in B. marinus): and the frontal-lateral ethmoid space 
is much reduced or absent. The ovate posterior 
dorsomedian fontanelle reduces with growth. The 
epioccipital invades the skull roof ( B. marinus, 
B. bagre) as an additional skull bone, that portion 
matching in ornamentation the other dermal bones. 
The laminae of the laterally expanded fourth neural 
spine and epioccipital are moderately to well elevated, 
yet the lamina bone itself is thin. The superficial bone 
covering the fused vertebrae is either flat or keeled 
medially ( B. panamensis , B. marinus) and excavated 
posteriorly, and may be lacking anteriorly 
( B. marinus). The first pharyngobranchial is situated 
distally. The metapterygoid hind margin is either in 
line with the hind margin of the quadrate 
(B. panamensis) or well behind it. There are 5-6 large 
or 7-8 small mandibulary pores. In Bagre marinus 
the posterior vertebrae are vertically extended. 

The cranial dorsal surface is smooth. The lips are 
thin or absent, except at the mouth corners, and the 
teeth are villiform or pointed and conical: they form 
bands on the jaws and the two vomer and two palatal 
patches. The mental barbel bases are aligned; the gill 
membranes are free; rakers are absent from the back 
of the first gill arch and either present or absent from 
the back of the second arch; and low buccopharyngeal 


pads and pocket are present. The adipose fin is short- 
based and situated posteriorly and the lateral line 
bifurcates at the tail base. The posterior cleithral 
process is short, and the fin spines are moderately thin 
and finely serrated. The condition of the pelvic fins 
in mature females is unknown. 

Bagre bagre: Br 6. A. 30-36. P. 1,13. Total gill 
rakers (first arch) 8-10. Vertebrae 6+12+7+33, total 
58. 

All species: Br 6. A 19-36. P. 1,11-13. Total gill 
rakers (first arch) 8-21. Vertebrae 6-7+9-14+6- 
8+29-37, total 55-61. 

Comparisons. The high anal fin ray count of Bagre 
compares only with Nedystoma novaeguineae and 
Cathorops hypophthalmus and is a derived condition. 
Invasion of the skull roof by the epioccipital is a 
sporadic phenomenon in the Ariidae (see comment 
under Cathorops). Thinning of the skull bones is a 
derived condition; and the expansive laminae and 
plates of the fourth neural spine and epioccipital and 
the shelving coracoid appear to compensate Bagre for 
any loss of strength in its thin skull bones. In 
Cinetodus froggatti and C. carinatus the expanded 
fourth neural spine laminae and epioccipital lamina 
form a broad transverse plate, as in Bagre. The shelf 
of the coracoid (pectoral girdle) is expanded and the 
symphysis wide (as in Brustiarius). Weak cranial 
ossification occurs also in Nedystoma novaeguineae 
and, possibly, Brustiarius nox. Honeycomb-textured 
or ‘porous’ bones (frontal bones in Bagre) also occur 
in Plicofollis n.gen. dussumieri. Plicofollis n.gen. 
nella, Osteogeneiosus and possibly Hemiarius 
grandicassis (lateral ethmoid expansion; 
supraoccipital process) and Sciades species (predorsal 
plate). As well as in Bagre, a much expanded frontal 
bone occurs in older individuals of Netuma bilineatus, 
Hexanematichthys mastersi, Sciades and some 
Aspistor species. Some Plicofollis n.gen. species also 
possess vertically extended vertebrae. The 
metapterygoid in B. marinus is high and expanded and 
its suture with the hyomandibular is narrow. 

Distribution. South-eastern North America, 
eastern and western coasts of Central America, north¬ 
eastern South America, north-western South America. 
Inshore marine to fresh water (B. marinus). 

Taxa. Four valid species: Bagre bagre (Linnaeus, 
1766); B. marinus (Mitchill, 1815); B. panamensis 
(Gill, 1863) (synonyms: Aelurichthys nuchalis 
Gunther, 1864; Aelurichthys scutatus Regan, 1907); 
B. pinnimaculatus (Steindachner, 1877) (synonym: 
Galeichthys eydouxii Valenciennes, 1840a). 

A literature synonym of B. bagre is Felichtliys 
filamentosus Swainston, 1839 (Marceniuk and Ferraris 
2003), and a literature synonym of B. panamensis is 
Aelurichthys isthmensis Regan. 1907 (Marceniuk and 
Ferraris Jr 2003). 
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Batrachocephalus Bleeker, 1846 

Batrachocephalus Bleeker, 1846: 176 (type species 
Batrachocephalus ageneiosus Bleeker, 1846. by 
monotypy). 

Diagnosis. Batrachocephalus is characterised by 
having fixed teeth, edentate vomer, bifurcate lateral 
line, thick fin spines, convex mesethmoid, reduced skull 
fossae, a deeply excavated laminar bone over the 
anterior fused vertebrae and one pair of (mandibulary) 
barbels. 

The neurocranium is smooth anteriorly and rugose 
to granular posteriorly. Batrachocephalus mino has 
exceedingly strong jaws, a prominent lower jaw, and 
the cranial bones are strong, heavy and thick. The nasal 
bone is expanded and irregularly shaped and the 
lachrimal is almost rectangular. The vomer is ‘T’- 
shaped. The ridges and laminae of the neural spine and 
epioccipital are low. The deep excavation of the laminar 
bone on the anterior fused vertebrae exposes the bases 
of some transverse processes; and the laminar bones 
bears a high and acute median keel. The frontals are 
broad posteriorly. The extrascapular is distinct. The 
metapterygoid hind margin lies slightly beyond the hind 
margin of the quadrate; and the large metapterygoid 
extends well forward - almost to the front of the vomer 
and lateral ethmoid. The metapterygoid-hyomandibular 
suture is broad. The first pharyngobranchial is short 
and lies near the epibranchial angle. 

The head is rounded and the snout is blunt. The 
mouth gape is wide (40-45% of head length), extending 
to below the large eyes which are placed well forward. 
The mandibulary barbels are short, reaching only to 
the eye. The jaw teeth are peg-like with blunt tips and 
the jaw bands are often edentate mesially. The palatal 
teeth are conical and blunt tipped, in a broad, short 
longitudinal band on each side of palate, close to the 
jaw teeth. The gill rakers are ‘club’-shaped and rakers 
are present along the back of all gill arches; the 
buccopharyngeal pads are poorly developed. The 
posterior cleithral process is rugose and heavily ossified 
anteroventrally. The fin spines are strong: Battened with 
dentae along both borders. The swim bladder is almost 
triangular and its sides are smooth. The gonads are 
bilobed. The condition of the pelvic fin in mature 
females is unknown. 

Br 5. A 19-22. P. 1,8-9. Total gill rakers (first arch) 
15. Vertebrae 7+10+5+28, total 50. 

Comparisons. Club-shaped gill rakers are present 
in Cinetodus froggatti, and broad outer branchiostegal 
rays occur also in Ketengus, Plicofollis n.gen. and 
Cathorops. The strongly ossified head and heavy jaws 
of B. mino are homologous with those of Ketengus and 
Osteogeneiosus. 

In my study, the PAUP analyses consistently paired 
Batrachocephalus mino with Cryptarius n.g. truncatus, 
isolating them from the phenotypically similar taxa 


Amissidens hainesi, Osteogeneiosus militaris and 
Ketengus typus (see Cryptarius n. gen. for comment). 

Distribution. South-east Asia from India to Burma, 
Thailand, Malaya, Sumatra, Borneo and Java. Coastal 
waters to lower reaches of rivers. 

Taxa. The only valid member of this genus is 
Batrachocephalus mino (Hamilton, 1822). 

Literature synonyms of B. mino are 
Batrachocephalus ageneiosus Bleeker, 1846 and 
Bagrus micropogon Bleeker, 1858, but the latter species 
has been shown to be a bagrid catfish, Leiocassis 
micropogon (Bleeker) (Roberts 1989; Kottelat et al. 
1993; Tan and Ng 2000). I have not examined type 
material of B. ageneiosus. 

Brustiarius Her re, 1935 

Brustiarius Herre, 1935: 388 (type species Arius nox 
Herre, 1935, by original designation). 

Diagnosis. Brustiarius is easily identified by the 
combination of its large eyes (4-7% SL), thin jaws, 
upturned jaw symphyses and terminal mouth, thin 
barbels rounded in cross section, slender and deeply- 
forked caudal fin, few (8-10) pectoral fin rays, many 
(19-67) rakers on the first gill arch, the small adipose 
fin, and the slender uncinate process of the third 
epibranchial articulating with the fourth epibranchial. 

The neurocranium is thin, the temporal fossa is 
absent and the posterior dorsomedian fontanelle tends 
to reduce in size with growth. The subvertebral cone 
is moderately elevated. The metapterygoid is enlarged 
and situated posteriorly in relation to the quadrate and 
the suture between it and the hyomandibular bone is 
short. 

The skull is smooth to slightly rugose. The head is 
depressed and the snout is rounded; the teeth are small 
and curved: in few series in the jaws and in four 
patches on the palate (two vomerine, two autogenous), 
which are often confluent, sometimes butterfly¬ 
shaped, sometimes united into a large square covering 
most of the palate; or palate sometimes devoid of 
teeth. Rakers are usually absent from the back of the 
first two gill arches (sometimes there are a few) and 
large buccopharyngeal pads are present (B. nox ) or 
not (B. solidus). The gill openings are wide. The 
posterior cleithral process is either very short (B. nox) 
or moderately long {B. solidus), but always acute. The 
fin spines are thin and bear fine serrae ( B. nox) or are 
of moderate size ( B. solidus). The adipose fin is 
situated over the posterior of the anal fin and the swim 
bladder is almost rounded. The buccopharyngeal 
cavity is dark in B. nox, and the peritoneum (both 
species) is dusky. Pads are present on the pelvic fins 
of mature females. 

Brustiarius nox: Br 6. A. 18-21. P. 1,8-9. Total gill 
rakers (first arch) 56-67. Vertebrae 6-7+10-11+5- 
8+29-31, total 51-53. 
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All species: Br 6. A. 17-23. P. 1,8-10. Total gill 
rakers (first arch) 19-67. Vertebrae 6-7+9-13+5- 
8+29-30, total 51-56. 

Comparisons. Brustiarius exhibits a trend towards 
reduced cranial ossification, including its thin jaws. The 
pectoral girdle is also thin and shelving (although the 
symphysis between the two coracoid bones is 
exceptionally broad). Weak cranial ossification and/or 
a thin premaxillary occurs in Nedystoma, Bagre, 
Cephalocassis and Amissidens hainesi. Other taxa 
possessing a narrow hyomandibular-metapterygoid 
suture include Hemiarius dioctes , cf. Arius 
macrorhynchus, Cephalocassis melanochir, Plicofollis 
n. gen. nella and P. n. gen. polystaphylodon. Brustiarius 
shares with Nedystoma the character state of a urohyal 
with slender arms tending to bifurcate distally. A dark 
buccopharyngeal cavity occurs in juveniles of the central 
American taxon Aspistor platypogon as well as in some 
Amissidens hainesi individuals. 

A character difficult to quantify is noticeable in 
Brustiarius: a long facet indicating the contact area 
between the palatine bone and the lateral ethmoid (also 
present in Plicofollis n.gen. and Nedystoma dayi). 

Distribution. Northern New Guinea. Freshwater. 

Taxa. Two valid species: Brustiarius nox (Herre, 
1935); B. solidus (Herre, 1935) (synonyms: Arius 
kanganamanensis Herre, 1935; Hemipimelodus 
bernhardi Nichols, 1940; Arius microstomas Nichols, 
1940). 

Catliorops Jordan and Gilbert, 1883 

Cathorops Jordan and Gilbert, 1883: 39, 54 (type 
species Arius hypophthalmus Steindachner, 1877, by 
original designation; also by monotypy). 

Diagnosis. Cathorops is distinguished by the ventral 
aorta and jugular veins lying together, ventral to the 
vertebral centra; the strongly elevated subvertebral 
cone; the very high transverse lamina of the fourth 
neural spine; the epioccipital invading the skull roof; a 
toothless vomer; and rakers lying along the back of all 
gill arches. 

In some taxa the nasal bone is irregularly shaped 
(almost straight in others). The frontal bone is broad 
posteriorly with narrow anterior arms and the ventral 
shaft of the neurocranium is notably narrow. The 
posterior dorsomedian fontancllc is very small or absent 
(even in juveniles). The second to fifth transverse 
parapophyses are angled at a right angle or forward, 
the posterior margin of the laminar bone over the 
anterior vertebrae is truncate or convex and raised 
distally, and the high subvertebral cone is often notched 
at its anterior base. The posteromedian flange of the 
epioccipital is high and abuts the lamina of the fourth 
neural spine. The epioccipital in the skull roof is 
amalgamated with the extrascapular, that portion 
matching in ornamentation the other dermal bones; the 


temporal fossa is much reduced or absent (adults). The 
metapterygoid is situated posteriorly, its hind margin 
in line with or beyond the hind margin of the quadrate. 
The first branchiostegal ray is exceptionally broad, and 
the mandibulary pores are large or small. The post- 
cleithral process is very short. 

The jaw teeth are fine and sharp, except in some 
species where the teeth in the inner row on the mandible 
are molariform. The teeth on the palate are conical to 
molariform and in two patches. The eye of 
C. hypophthalmus is situated below the level of the 
mouth angle and lacks a free orbital rim; in other 
species the eye is dorsolateral and has a free orbital 
margin. The dorsomedian fontanelle is groove-like 
posteriorly; the head shield is rough to striate, the sides 
and top of the head are often venulose. Usually the gill 
openings are restricted and the membranes are not free 
across the isthmus (gill openings not restricted in 
C. dasycephalus , and wide with free margins in 
C. hypophthalmus). In some species there are two rows 
of rakers along the back of the anterior gill arches, and 
buccopharyngeal pads and flaps arc well-developed in 
some species. The chin barbels arc staggered. In 
C. hypophthalmus the barbels are long and rounded in 
cross section; barbels moderately flattened in other 
species. Usually the adipose fin is short-based and 
situated over the posterior third of the anal fin. The 
gonads are bilobate and pads (in some species 
expressed as a curious double thickening) are present 
on the inner pelvic fins of mature females. 

Cathorops hypophthalmus: Br 6. A. 21-23. P. I, 
10-11. Total gill rakers (first arch) 37-41. Vertebrae - 
not available. 

All species: Br 6. A. 19-28. P. 1,10-11. Total gill 
rakers (first arch) 9-41. Vertebrae 6+7-10+ 3-5+26- 
32, total 43-52. 

According to H. Higuchi (pers. comm.), the males 
of some taxa lose gill rakers when brooding. 

Comparisons. In most other ariids, each jugular vein 
lies lateral to the centra of the vertebral column. 
Cathorops is most closely related to Potamarius and 
several Indo-Australian genera. For example, in 
Potamarius the parapophyses of the fifth and sixth 
vertebrae are united, and angled forward also. Only 
Cinetodus and Cathorops possess a united extrascapular 
+ epioccipital: in several other taxa the epioccipital 
invades the skull roof (e.g., some species of Plicofollis 
n. gen. Netuma proximus , Hemiarius sona, Bagre 
marinas, Aspistor species and Cryptarius n. gen. 
truncatus) but in them the extrascapular remains as a 
distinct bone. The exceptionally broad first 
branchiostegal ray is a character shared with the South¬ 
east Asian taxa Ketengus, Plicofollis n. gen. and 
Batrachocephalus. The urohyal is broad and truncate 
anteriorly (also in Cephalocassis). Cathorops and 
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Nedystoma species have low numbers of thoracic 
(7-10) and haemal (2-6) vertebrae. 

Distribution. Eastern and western Central America; 
north-eastern South America. Inshore coastal waters, 
estuaries and lower reaches of rivers, also freshwater. 

Taxa. More than twenty nominal species, of which 
Marceniuk and Ferraris Jr (2003) considered the 
following as valid: Cathoropsagassizii (Eigenmann and 
Eigenmann, 1888); C. aquadulce (Meek, 1904); 
C. arenatus (Valenciennes, 1840a); C. dasycephalus 
(Gunther, 1864) (synonym: Tachisurus longicephalus 
Eigenmann and Eigenmann, 1888); C. fuerthii 
(Steindachner, 1877) (synonyms: Tachysurus liropus 
Bristol in Gilbert, 1897; Tachysurus evermanni Gilbert 
and Starks, 1904); C. hypophthalmus (Steindachner, 
1877) (synonym: Tachisurus gulosus Eigenmann and 
Eigenmann, 1888); C. melanopus (Gunther, 1864); 
C. multiradiatus (Giinther, 1864) (synonyms: Bagrus 
arioicles Kner, 1863; Tachysurus emmelane Gilbert in 
Jordan and Evermann, 1898; Tachysurus equatorialis 
Starks, 1906); C. spixii (Agassiz in Spix and Agassiz, 
1829) (synonym: Pimelodus albidits Agassiz in Spix and 
Agassiz, 1829); C. steindachneri (Gilbert and Starks, 
1904) (synonym: Arius taylori Hildebrand, 1925); 
C. tuyra (Meek and Hildebrand, 1923). 

Cephalocassis Bleeker, 1857 

Cephalocassis Bleeker, 1857: 473 (type species 
Arius melanochir Bleeker, 1852, by subsequent 
designation by Bleeker 1862). 

Hemipimelodus Bleeker, 1857: 473 (type species 
Pimelodus borneensis Bleeker, 1851, by monotypy. 

Diagnosis. Cephalocassis is characterised by the 
combination of small and conical jaw teeth; the eyes 
covered (C. borneensis ) or partly covered 
(C. melanochir) by skin; the mouth small and nape 
high; the gill openings restricted and the adipose fin 
long-based. The buccopharyngeal pads and Haps are 
well-developed, and the chin barbel bases are close 
together and aligned. The posterior dorsomedian 
fontanelle is heart-shaped or triangular, and is open at 
all growth stadia. The pterotic bone is thin and 
cartilaginous anterodorsally, creating a depression in 
the cranium between the supraoccipital and the 
sphenotic. The subvertebral cone is strong and high, 
the epioccipital just invades the skull roof adjacent to 
the extrascapular, the supraoccipital process is narrow 
and long, and the posterior cleithral process is short 
and heavily ossified anteroventrally. 

The neurocranium is slightly rugose or striate or 
smooth. The posterior dorsomedian fontanelle is open 
at all growth stadia. The temporal fossa is very small 
or absent, the supracleithrum depressed at its position. 
The metapterygoid hind margin aligns with the hind 
margin of the quadrate, and the suture between it and 
the hyomandibular is short. The vomer is wedge¬ 


shaped, the frontals are broad posteriorly with long 
anterior arms, and the laminar bone over the anterior 
fused vertebrae is extensive and only shallowly 
excavated medially. There are five (C. melanochir) or 
four infraorbital bones. In C. borneensis , the fifth and 
sixth pelvic fin rays bear noticeable dentae (ridges) 
along their length (possibly only in females). 

The mouth is subterminal and the snout is somewhat 
conical. The palate is edentate (C. borneensis) or 
possesses a small autogenous patch of sharp-tipped 
conical teeth on each side (C. melanochir). In 
C. melanochir, where rakers are usually absent from the 
back of the first two gill arches, they are replaced by 
double rows of many large papillae; in C. borneensis 
rakers are always present along the back of the gill 
arches. The fin spines are flat, robust and strongly 
serrated (less strong in C. borneensis) and chambered 
(C. melanochir). The lateral line turns upwards 
(C. melanochir) or usually bifurcates at the tail base 
(C. borneensis). The swim bladder is rounded, pads 
develop on the inner pelvic fin rays of mature females 
and the gonad in females appears to be bilobate. The 
upper surface of the pectoral and pelvic fins are often 
coloured dark bluish-brown. 

Cephalocassis melanochir: Br6. A. 17-19. P. 1,10- 
11. Total gill rakers (first arch) 12-15. Vertebrae 
6+13+3+30-31, total 52-53. 

All species: Br 5-6. A. 16-19. P. 1,9-11. Total gill 
rakers (first arch) 12-18. Vertebrae 5—6+9—13+3— 
5+27-31, total 46-53. 

Comparisons. As with other ariid genera, 
homoplasies abound. Cephalocassis is superficially 
similar to Cinetodus but pads develop on the inner 
pelvic fin rays of mature females (not in Cinetodus), 
the epioccipital just enters the skull roof (not in 
Cinetodus), the extrascapular and the epioccipital are 
not combined (as they are in Cinetodus) and the laminae 
of the epioccipital and the fourth neural spine are not 
much elevated (well elevated in Cinetodus). The lateral 
line is ramose with extensive smaller lines (especially 
over the shoulder), a feature also present in, for 
example, Cinetodus, Hemiarius diodes, H. stormii and 
Cryptarius n. gen.. The shape of the urohyal is identical 
to that of Ketengus and Cathorops. Chambered fin 
spines are shared by some species of Hemiarius, 
Plicofollis n. gen. Cryptarius n. gen. truncatus, 
Nemapteryx nenga, N. macronotacanthus and Netuma 
tlialassinus. The configuration of the dorsomedian 
fontanelle is similar to that of Nedystoma dayi, a 
(partially) concealed eye is characteristic also of 
Hemiarius insidiator, Nedystoma novaeguineae and 
Cathorops hypophthalmus, and ridged inner pelvic fin 
rays are also present in Cryptarius n. gen. truncatus 
and Aspistor platypogon. The wedge-shaped vomer is 
shared with Cryptarius n. gen. truncatus. 
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Distribution. South-east Asia (Thailand, Vietnam 
and Cambodia, Sumatra, Borneo). In rivers; freshwater. 

Taxa. Two valid species: Cephalocassis borneensis 
(Bleeker, 1851) (synonyms; Arius macrocephalus 
Bleeker, 1858 (non Bleeker, 1846); Hemipimelodus 
siamensis Sauvage, 1878; possible synonym: 
Hemipimelodus intermedins Vinciguerra, 1881); 
C. melanochir (Bleeker, 1852) (possible synonym: 
Arius doriae Vinciguerra, 1881). 

Comments. The only stated difference between 
Hemipimelodus intermedins and C. borneensis is 
relative eye size (Weber and de Beaufort 1913; 
Desoutter 1977). Roberts (1989) provides good 
illustrations of both C. borneensis and C. melanochir. 
Literature descriptions (Smith 1945; Desoutter 1977) 
of Hemipimelodus siamensis do not record any 
difference between that taxon and C. borneensis and 
Kottelat (1984) placed H. siamensis in the synonymy 
of C. borneensis. 

The suggested synonymy of Arius doriae is based 
on Heok Hee Ng’s advice (pers. comm.) after he 
examined a 112 mm SL syntype (RMNH 10889). 

Cinetodus Ogilby, 1898 

Cinetodus Ogilby, 1898: 32 (type species Arius 
froggatti Ramsay and Ogilby, 1886, by original 
designation). 

Pachyula Ogilby, 1898: 33 (type species 
Hemipimelodus crassilabris Ramsay and Ogilby, 1886, 
by original designation). 

Tetranesodon Weber, 1913: 545 (type species 
Tetranesodon conorhynchus Weber, 1913, by 
monotypy). 

Septobranchus Hardenberg, 1941: 223 (type species 
Septobranchus johannae Hardenberg, 1941, by 
monotypy. 

Diagnosis. Cinetodus is characterised by the 
combination of conical head, broadly triangular 
supraoccipital process, a small (16-35% HL) inferior 
mouth, a restricted gill opening, a long, horizontal and 
oblong posterior cleithral process, high and strong 
subvertebral cone, the proximal dorsal aspect of the 
pectoral fins dark blue or black in colour, mature 
females lacking thickened pads on the inner pelvic 
fin rays, a long-based adipose fin, and rakers present 
along the back of all gill arches. 

The skull is strongly ossified and the rear of the 
skull is strengthened by the well-elevated and 
extensive laminae of the fourth neural spine and the 
ventral aspect of the supraoccipital, and the strong 
and compact pectoral girdle and high coracoid keel. 
The lateral ridge of the fourth neural spines is high, 
extending half-way up the neural spine, the 
posteromedian flange of the epioccipital abuts this 
ridge and is very well-elevated, and a median flange 
extends from the ventral surface of the supraoccipital 


(C. froggatti, C. carinatus). The extrascapular and 
epioccipital are amalgamated to form one unit in the 
skull roof. The rectangular posterior dorsomedian 
fontanelle is either always open (C. crassilabris) or 
reduces in size during growth. However, the temporal 
fossa is large and remains so, and the frontal bones 
are broader posteriorly with long anterior arms and a 
large lateral ethmoid-frontal space. The mandibulary 
pores are large. The Mullerian ramus is long. In 
C. crassilabris and C. conorhynchus the first 
pharyngobranchial is present (lost or fused with the 
epibranchial in the other species). 

Cinetodus species have a high nape, and striate or 
smooth upper head surface. The lips are often fleshy 
and thick, and the chin barbel bases are close together 
and transversely aligned. The palate is either edentate 
(C. crassilabris, C. conorhynchus), bearing 
autogenous palatal tooth patches only (C. froggatti) 
or bearing vomer and palatal tooth patches 
(C. carinatus). The long-based adipose fin spans all 
of the anal fin. The pectoral axillary pore is large. In 
C. crassilabris and C. conorhynchus the back of the 
gill arches bear numerous papillae (smooth in the 
other species). 

Cinetodus froggatti: Br 5. A. 17-19. P 1,10-11. 
Total gill rakers (first arch) 11-16. Vertebrae 6-7+11- 
12+4+29-30, total 49-52. 

All species: Br 5-6. A. 15-19. P. 1,9-11. Total gill 
rakers (first arch) 11-19. Vertebrae total 44-54. 

Comparisons. Additional character states in 
Cinetodus froggatti are depressions in the laminar 
shelf of the anterior fused vertebrae (also in 
Nedystoma dayi, Guiritinga barbus), and the anterior 
sensory tubules of the lateral line being surrounded 
by thin bony plates (also in Hexanematichthys). 
Cinetodus crassilabris also possesses a uniquely 
shaped urohyal (broad and truncate anteriorly), and 
the parhypural of the caudal skeleton is clearly sutured 
with hypurals 1 + 2 (also in some Plicofollis n. gen. 
and Netuma species). Phylogenetic analyses indicated 
a close relationship between Cathorops and 
C. crassilabris based on the highly developed flanges 
at the back of the neurocranium and the well- 
developed and intrusive epioccipital. The Mullerian 
ramus appears to be longer in Cinetodus (and 
Hemiarius stormii, Amissidens hainesi and Nedystoma 
dayi) than in many other ariid taxa. 

Distribution. Sahul Shelf (southern New Guinea 
and northern Australia). Mainly freshwater; 
C. froggatti also into estuaries and coastal waters. 

Taxa. Four (perhaps three) valid species: 
Cinetodus carinatus (Weber, 1913); C. crassilabris 
(Ramsay and Ogilby, 1886); C. conorhynchus (Weber, 
1913) (known only from the type); C. froggatti 
(Ramsay and Ogilby, 1886) (synonym: Septobranchus 
johannae Hardenberg, 1941). 
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Cochlefelis Whitley, 1941 

Cochiefelis Whitley, 1941: 8 (type species, Arius 
spatula Ramsay and Ogilby, 1886, by original 
designation). 

Diagnosis. Cochlefelis species are characterised by 
their long and depressed head and their broad, curved 
upper jaw extending well forward of the lower jaw such 
that the broad bands of upper jaw teeth are exposed; the 
long-based adipose fin; concave ventral aspect of the 
mesethmoid; tiny mandibulary pores; and many (32-36) 
caudal vertebrae. 

The head surface is slightly rugose or striate, mainly 
posteriorly. The mesethmoid has broad cornuae and the 
anterior margin is only slightly excavated. The temporal 
fossa is large at all ages, or reducing with age 
(C. burmanicus ) and the posterior dorsomedian 
fontanelle is extensive, always open, and elongate. In 
C. burmanicus the frontal bones are broad posteriorly 
and have long anterior arms; in the other species they 
are narrower posteriorly with shorter arms and the very 
extensive lateral ethmoid obscures the space between 
the frontal arms. The posterior cleithral process is 
moderately long and acute and the pectoral girdle is thin 
and shallowly curved. 

The teeth are conical, their tips acute or flattened or 
spatulate. On the palate there are vomerine and large 
palatal tooth patches (C. danielsi, C. spatula) or two 
small patches of palatal teeth. The series of jaw teeth 
increase in number as the fish ages (to more than 15 
series). Rakers are present (C. burmanicus) or are not 
(C. spatula, C. danielsi) along the back of the first two 
gill arches; in C. burmanicus those on the first arch are 
few. The palate is smooth with barely developed 
buccopharyngeal flaps and pads. The barbels are strap¬ 
like or rounded (in C. spatula with a membranous inner 
margin), the maxillary or mandibulary pair the longest 
(perhaps reaching as far as the dorsal fin origin), and 
the bases of the chin barbels are very widely separated. 
The adipose fin is long-based, spanning much of the anal 
fin. The gill openings are wide and the pectoral axillary 
pore is tiny. The lateral line turns up at the tail base 
(sometimes bifurcates in C. burmanicus) and pads are 
present on the inner pelvic fin rays of mature females. 

Cochlefelis spatula: Br 6. A. 20-23. P. 1,11-12. Total 
gill rakers (first arch) 15-17. Vertebrae 6-7+12-13+6- 
7+33, total 56-59. 

All species: Br 6. A. 19-27. P. 1,10-12. Total gill 
rakers (first arch) 15-24. Vertebrae: 67+13—14+5— 
7+32-36, total 53-61. 

Comparisons. Potamarius nelsoni also has 
membranous inner margins to the barbels. Tiny 
mandibulary pores are characteristic of Cinetodus, 
Ketengus and Cryptarius n. gen. truncatus, and 
Cinetodus species, Aspistor hardenbergi and 
Cephalocassis also have a long-based adipose fin. 
Widely-separated bases of the chin barbels occur in 


several other taxa, including Nemapteryx armiger , 
N. augustus , Nedystoma novaeguineae and species of 
Hemiarius. However, only some species of Bagre and 
Sciades have more caudal vertebrae. 

Distribution. South-east Asia (Burma, one species) 
and southern New Guinea. Freshwater (C. spatula) or 
tidal reaches of rivers and estuaries. 

Taxa. Three valid species: Cochlefelis burmanicus 
(Day, 1870); C. danielsi (Regan, 1908); C. spatula 
(Ramsay and Ogilby, 1886) (synonym: Arias 
(Hemiarius) nudidens Weber, 1913); possibly more. 

Comments. Day (1877) recorded that the eye of 
C. burmanicus is without a free margin but I do not 
find that in material I examined. 

Cryptarius new genus 

Type species: Arius truncatus Valenciennes, 1840a: 
64, by original designation. 

Diagnosis. Cryptarius is characterised by the 
combination of a restricted gill opening, small patches 
of teeth on the sides of the palate and absence of 
vomerine teeth, tiny mandibulary pores, a laminar 
shield that is deeply excavated medially such that the 
bases of some vertebral transverse processes are 
exposed, a wedge-shaped vomer, the epioccipital 
invading the skull roof as an additional bone (the 
exoccipital remaining distinct) and the female gonads 
united along their proximal third. The metapterygoid- 
hyomandibular suture is broad and the first 
pharyngobranchial is short and united with the 
epibranchial at its angle. 

The neurocranium is smooth anteriorly and rugose 
to granular posteriorly. The mesethmoid is convex and 
the nasal bones are simple. The frontals are broad 
posteriorly and the ridges and laminae of the neural 
spine and epioccipital are low. The temporal fossa is 
reduced in size and the dorsomedian fontanelle is 
shallow. The metapterygoid hind margin lies above the 
middle of the quadrate. 

There are three pairs of thin and short barbels and 
the bases of the chin barbels are close together and 
transversely aligned. The head is long and depressed 
with venulose sides, the small eye is placed low, the 
mouth gape is moderately small. The lips are thin and 
crenulate, and the jaw teeth are long and slender with 
curved tips. The anterior nostril lies directly in front of 
the posterior nostril. The gill opening is closed across 
the isthmus from just below the pectoral fin base, 
although the margin of the gill cover is free. In 
C. truncatus the upper insertion of the operculum is 
straight and not turned forward (as in most other ariids). 
Rakers are present along the back of all gill arches 
(sometimes few or none on the first two arches). The 
supraoccipital process is oblong and straight-sided. The 
fin spines are broad and long, serrated or granular along 
their posterior margin. In larger C. truncatus they are 


134 


The catfish family Ariidae 


half-chambered. The posterior cleithral process is 
rugose and heavily ossified anteroventrally. The lateral 
line is ramose, especially anteriorly, the venules 
extending over the shoulder and sides of the head. The 
line is bifurcate at the tail base. The swim bladder is 
heart-shaped or triangular and is often scalloped on its 
exterior margin. The inner pelvic fin rays are ridged 
(?females only) and the caudal fin lobes are somewhat 
broad and 'paddle’-shaped. 

Br 6-7. A. 20-25. P. 1,8-11. Total gill rakers (first 
arch) 8-9. Vertebrae 7+11-13+4+29-31, total 50-55. 

Etymology. From kryptos (Greek) meaning hidden 
or secret (Brown 1956) in reference to the unique 
combination of characteristics in this taxon having been 
ignored for such a long time. 

Comparisons. Character states common to 
Cryptarius and Batrachocephalus include the edentate 
vomer, fixed jaw teeth, bifurcate lateral line at the tail 
base, broad fin spines, reduced skull fossae, convex 
mesethmoid and deeply excavated laminar bone. 
However, the differences between the taxa are 
significant: B. mino has one pair of barbels (three pairs 
in C. truncatus), the nasal and lachrimal bones are 
rectangular and uniquely shaped (simple in 
C. truncatus ), the vomer is ‘T’-shaped (wedge-shaped 
in C. truncatus), the epioccipital does not invade the 
skull roof, and the head and jaw bones are strongly 
ossified (thin or moderate in C. truncatus). 

A reduced/united pharyngobranchial is present also 
in Cinetodus, proximally united gonads are present in 
Amissidens hainesi, Cephalocassis melanochir also has 
a wedge-shaped vomer, ridged inner pelvic fin rays are 
present in Cephalocassis borneensis and Aspistor 
platypogon , (half)-chambered fin spines are shared with 
Netuma thalassinus, some Plicofollis n. gen. and some 
Nemapteryx and Hemiarius species, and Cephalocassis 
melanochir, and species including Nemapteryx 
armiger, Cephalocassis, Hemiarius, Osteogeneiosus, 
Bagre bagre, Cochlefelis burmanicus and Cathorops 
ftierthii share a highly ramified lateral line. Tiny 
mandibulary pores are characteristic of members of 
Cinetodus, Kelengus and Potamarius also. The 
epioccipital invades the skull roof as an additional 
dermal skull bone in other ariid taxa (e.g., Netuma 
proximus, Aspistor hardenbergi, Hemiarius sona, 
Bagre marinus). Cryptarius shares with Amissidens the 
small mouth, restricted gill openings and partially 
united gonads, but it differs in having low 
buccopharyngeal pads and flaps (well developed in 
Amissidens), few gill rakers (28-37 in Amissidens), the 
epioccipital invading the skull roof, the wedge-shaped 
vomer and the excavated laminar bone (extensive 
laminar bone in Amissidens). 

Distribution. Thailand, Cambodia/Vietnam 
(Rainboth 1996), western Indonesia and the western 
Malay Peninsula. Coastal waters, estuaries and rivers. 


Taxa. Possibly two valid species: Cryptarius 
truncatus (Valenciennes, 1840a) (synonym: 
Hemipimelodus cochlearis Fowler, 1935) and 
C. daugueti (Chevey, 1932). I have not seen type 
material of Hemipimelodus daugueti. 

Galeichthys Valenciennes, 1840 

Galeichthys Valenciennes, 1840: 28 (type species 
Galeichthys feliceps Valenciennes, 1840, by subsequent 
designation by Bleeker 1862 and 1863). 

Diagnosis. Galeichthys is the only ariid genus which 
does not possess all of the thirteen characters which 
together identify the Ariidae from all other siluroids 
(see above, Monophyly of the Ariidae). The epioccipital 
bone is only slightly produced posteriorly and does not 
contact the dorsal surface of the superficial laminar 
bone of the anterior complex vertebrae (character 3; in 
other ariids the produced epioccipital usually articulates 
with the laminar bone). The aortic tunnel formed by 
the laminar bone of the fused anterior vertebrae is 
abbreviated, or absent (G. peruvianus) (character 4; the 
bone spreads over the canal in other ariids, forming a 
tunnel). There is a supraneural between the 
supraoccipital and the nuchal plate which is exposed 
in the dorsal surface (character 5; in other ariids the 
supraoccipital articulates with the nuchal plate). The 
lapillus otolith is small (character 7; larger in other 
ariids), and the Mullerian ramus is attached to the 
ossified Baudelot’s ligament of the supracleithrum, 
meaning that it lacks elasticity (Kulongowski 2001) 
(character 8; in other ariids, muscles connect the 
Mullerian ramus to the anterior vertebrae and the 
neurocranium). The subvertebral cone is low and has a 
deep median excavation. The five or six pores in the 
mandible are large, and rakers are present along the 
back of all gill arches. 

Galeichthys possesses several derived features. The 
oblique laminae of the second and third neural spines 
are high and a lamina extends downwards also from 
the ventral surface of the supraoccipital; the posterior 
cleithral process is broad and fan-shaped; the temporal 
fossa is small; the almost smooth neurocranium is 
covered by thick skin and/or muscle layers; the 
supraoccipital is long and narrow and its sides are 
almost parallel; and the fin spines are moderately thin. 
Furthermore, there are no pads on the inner pelvic fin 
rays of mature females. 

Galeichthys feliceps: Br 6. A. 17-19. P. 1,10-12. 
Total gill rakers (first arch) 11-14. Vertebrae 6+11- 
12+5-6+34-35, total 51-53. 

All species: Br 6. A 15-20. P. 1,9-13. Total gill 
rakers (first arch) 10-15. Vertebrae 6+11 -20+5-6+29- 
32, total 51-57. 

Comparisons. In all other ariids the epioccipital is 
much extended and approximates the dorsal surface of 
the superficial laminar bone over the anterior fused 
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vertebrae, the supraneural is not exposed in the dorsal 
surface, the lapillus otolith is larger and the Mullerian 
ramus is attached to the posterior wall of the 
neurocranium by the ESA. Although in most other 
ariids the laminar bone of the anterior vertebral region 
covers all of the centra (so forming the aortic tunnel), 
in some species of Hemiarius it is abbreviated also, 
exposing an aortic canal. Other genera lacking pads 
on the pelvic fin of mature females include Cinetodus, 
Nedystoma, Osteogeneiosus, Ccithorops and Sciades. 

Distribution. South-west to south-east Africa; 
western South America. Sea, estuaries and lower 
reaches of rivers. 

Taxa. Four valid species: Galeichthys ater 
Castelnau, 1861; G. feliceps Valenciennes, 1840a 
(synonyms: ‘IPimelodes fossor Lichtenstein, 1823; 
Pimelodus peronii Valenciennes, 1840; Bagnts 
capensis Smith, 1840; Galeichthys ocellatus Gilchrist 
and Thompson, 1916); G. peruvianas Liitken, 1874; and 
an undescribed species (Kulongowski 2001). 

Hemiarius Bleeker, 1862 

Hemiarius Bleeker, 1862: 7, 29 (type species 
Cephalocassis stormii Bleeker, 1858, by original 
designation). 

Notarius Gill, 1863: 171 (type species Arius 
grandicassis Valenciennes, 1840a, by monotypy). 

Diagnosis. Hemiarius is remarkable for its 
prominent (‘shark’-like) snout and thick lips, strong 
jaws (lower upturned at symphysis) and wide mouth, 
strong and fixed, sharp teeth (those in upper jaw 
exposed when the mouth is shut), small eye, wide gill 
openings and low number (10-18) of stiff gill rakers. 
The chin barbel bases are well-staggered. In species 
other than H. insidiator, the fin spines are thick and 
rugose, flattened and chambered, and the sides of the 
swim bladder are scalloped externally. 

The skull surface is smooth (often with a network 
of fine venules) to very granular ( H. sona). The 
subvertebral cone is moderately to well-elevated, the 
mesethmoid is convex and broad (fluted and ridged in 
H. grandicassis ), and the metapterygoid is enlarged and 
extends beyond the hind margin of the quadrate (in line 
with the hind margin of the quadrate in H. stormii). 
The laminar bone over the anterior fused vertebrae is 
not extensive and is deeply excavated medially, 
exposing the bases of the fourth to sixth transverse 
processes (not so in H. sona). The mandibulary pores 
are large. The large temporal fossa remains open at all 
life stages and the broadly rounded or elongate posterior 
dorsomedian fontanelle either remains large 
(H. stormii) or reduces in size with growth. In 
H. grandicassis the supraoccipitai process is expanded 
and ovate (triangular or oblong in other taxa). The 
epioccipital invades the skull roof in H. sona , the 
extrascapular remaining as a distinct bone. The frontal 


bones are either broader posteriorly with large lateral 
ethmoid-frontal space (H. stormii, H. grandicassis) or 
broad anteriorly with a small lateral ethmoid-frontal 
space. The pectoral girdle is shallowly curved. 

The jaw teeth are arranged in 2-5 well-spaced series 
and the four palatal tooth patches (two vomerine, two 
autogenous) are either small and narrow or large 
(H. grandicassis, H. sona). Rakers are absent from the 
back of all gill arches (except in H. sona) and the 
barbels are short and strap-like (mandibulary barbel 
long in H. insidiator). The supraoccipitai process is 
broadly triangular, or elongate (H. insidiator) or ovate 
and expanding with age (H. grandicassis). The adipose 
fin is long-based (short-based in H. insidiator). The 
swim bladder is triangular with scalloped sides (more 
rounded and smooth-sided in very small fish) or flat 
and board-like with smooth sides (H. insidiator). Pads 
are present on the pelvic fins of mature females 
(unknown for H. insidiator). 

Hemiarius stormii-. Br6. A. 17-20. P. 1,11-12.Total 
gill rakers (first arch) 10-11. Vertebrae 6+15+5+28- 
29, total 49-50. 

All species: Br 6-7. A 15-21. P. 1,10-12. Total gill 
rakers (first arch) 10-18. Vertebrae 5—7+1 1 — 15+3— 
6+23-33, total 46-60. 

Comparisons. The Mullerian ramus in H. dioctes is 
long (as in Amissidens hainesi, Cinetodus and 
Nedystoma dayi) or abbreviated and angular 
(H. insidiator). Albeit flattened fin spines are 
characteristic of Hemiarius, that character state appears 
in Batrachocephalus , Aspistor hardenbergi and 
Hexanematiclithys. Hemiarius dioctes and H. insidiator 
share possession of seven branchiostegal rays with 
Nemapteryx augustus, cf. Arius macrorhynchus and 
Arius platystomus (Tilak 1965). In H. insidiator the 
uncinate process of the third epibranchial overlaps the 
proximal part of the fourth epibranchial and the eye is 
subcutaneous (both states also in Nedystoma 
novaeguineae and perhaps other ariids), the underside 
of the mesethmoid becomes concave with ontogeny (also 
in Cochlefelis spatula) and the parapophysis emanating 
from the fifth vertebra is expanded and angled forward 
slightly (also in some Cathorops, Genidens and 
Potamarius). Hemiarius insidiator is a most peculiar 
ariid: the body is much depressed and the ribs are long 
and angular, impressed in the abdominal body wall; the 
swim bladder is long and oval, board-like, and internally 
divided by numerous septae (its length surely associates 
with the long abdominal cavity and high number 
(27-28) of precaudal vertebrae); the nasal bone is broad 
and peculiarly shaped; and the fin spines are very thin, 
somewhat flexible, and scarcely serrate. There are no 
collagen rods in the barbels of H. insidiator (refer 
Character 75). 

Distribution. South-east Asia (Pakistan to Sumatra 
and Borneo: three species); southern New Guinea (two 
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species); north-eastern South America (one species). 
Inshore marine waters and estuaries, to fresh water. 

Taxa. Six valid species: Hemiarius dioctes (Kailola, 
2000); H. grandicassis (Valenciennes, 1840a); 
H. insidiator (Kailola, 2000); II. sona (Hamilton, 1822) 
(probable synonym: Hexanematichthys leptocassis 
Bleeker, 1861); H. stormii (Bleeker, 1858); and H. 
verrucosus (Ng, 2003). 

Literature synonyms of Arius sona are Bagrus 
trachipomus Valenciennes, 1840 and Bagrus gagorides 
Valenciennes, 1840. I have not examined type material. 
A literature synonym of H. grandicassis is Arius 
stricticassis Valenciennes, 1840a; however some authors 
(e.g., Jordan and Evermann 1896-1900; van derStigchel 
1946) consider that ,4. stricticassis is a valid species. I 
had insufficient material to decide this matter. 

Comments. The synonymy of H. leptocassis 
(Bleeker) is advised by Heok Hee Ng (pers. comm.) 
based on his examination of a 127 mm SL Bleeker 
specimen (MCZ 159231) from Penang. 

Hexanematichthys Bleeker, 1858 

Hexanematichthys Bleeker, 1858: 24, 61, 126, 416 
(also Bleeker, 1858a: 2) (type species Bagrus sondaicus 
Valenciennes, 1840, by monotypy). 

Diagnosis. Hexanematichthys is recognised by the 
combination of a broad, depressed head and extensive, 
granular or rugose head shield, a dark (dusky brown 
or darkly-spotted) peritoneum, the nuchal plate 
(‘predorsal plate’) increasing in size and becoming 
square or ‘butterfly’-shaped with age, and a long- 
based adipose fin. 

The posterior dorsomedian fontanelle is small and 
extending backwards just a short distance past the eye, 
or absent: the supraoccipital process is broad and short; 
the temporal fossa is absent or very small; the frontal 
bone is extensive anteriorly such that the lateral 
ethmoid-frontal space is almost obliterated, and there 
are many (13-18) thoracic vertebrae. 

The jaw and palate teeth are sharp and conical, 
forming either six (H. mastersi ) or four (II. sagor) 
patches across the front of the palate. The barbels are 
strap-like, rakers are absent from the back of the first 
two gill arches (sometimes a few are present on the 
upper second arch in H. mastersi) and the gill openings 
are wide. On the snout there is always a short crescent- 
shaped groove between the nostrils. The fin spines are 
strong, compressed and coarsely striate, and are tipped 
with short filaments. Mature females have pads on the 
inner rays of the pelvic fins. 

Hexanematichthys sagor: Br 6. A. 16-20. P. 1,9-11. 
Total gill rakers (first arch) 12-18. Vertebrae 6-7+13- 
14+5+28-29, total 53-55. 

All species: Br 6. A. 16-20. P. 1,9-11. Total gill 
rakers (first arch) 12-18. Vertebrae 6—7+13— 18+5+28— 
32, total 53-61. 


Comparisons. Members of Sciades and some 
Aspistor also have a predorsal plate expanding with 
age, and they and members of other genera (e.g., 
Plicofollis n. gen. Arius) have a very granular 
neurocranium. Some Netuma have three patches of 
teeth on each side of the palate (as has H. mastersi) 
but their arrangement differs. Only species of Sciades 
(and Hemiarius insidiator) have higher numbers of 
thoracic vertebrae than has Hexanematichthys. The 
broad spread of the frontal in H. sagor led Tilak (1965) 
to believe that it has only one lateral ethmoid-frontal 
articulation. 1 erred (Kailola 1999) when I stated that 
Bagrus doroides Valenciennes, 1840 - sometimes 
placed as a synonym of H. sagor - cannot be an ariid 
because it is recorded as having ossified plates along 
the first portion of the lateral line, as Cinetodus 
froggatti has such plates and Bhimachar (1933: 255) 
stated that in ‘4. sagore [sic] there are a few small bony 
ossicles posterior to the post-temporal enclosing portion 
of the lateral line canal.’ 

Distribution. India (east coast) to Java and Borneo 
(H. sagor)\ southern New Guinea and northern 
Australia (H. mastersi). Inshore coastal waters and 
estuaries. 

Taxa. Two valid species: Hexanematichthys 
mastersi (Ogilby, 1898) (synonyms: Tachysurus 
(Pararius) godfreyi Whitley, 1941; Arius sagoroides 
Hardenberg, 1941); H. sagor (Hamilton, 1822) 
(synonyms: Bagrus doroides Valenciennes, 1840; 
IBagrus javensis Valenciennes, 1840; Bagrus 
sondaicus Valenciennes, 1840; Hexanematichthys 
sundaicus Bleeker, 1858 and Arius leptaspis Herre, 
1935 (non Bleeker)). 

Comments. In this genus are two good examples 
of ‘replacement’ species: one on the Sunda Shelf (H 
sagor ) and the other on the Sahul Shelf (H. mastersi). 

Ketengus Bleeker, 1847 

Ketengus Bleeker, 1847: 9, 167 (type species 
Ketengus typus Bleeker, 1847, by original designation). 

Diagnosis. The wide mouth of Ketengus extends 
well past the eye and the six barbels (three pairs) are 
short, equal to or shorter than the eye diameter. 
Ketengus has a single lateral ethmoid-frontal 
connection. 

The jaws are strongly ossified and the cranial bones 
are smooth to striate. The mesethmoid is broad and 
truncate anteriorly and the nasal bone is an irregularly 
curved tube. The temporal fossa and the posterior 
dorsomedian fontanelle are usually absent. The hind 
margin of the large metapterygoid extends well beyond 
the hind margin of the quadrate. Although the first two 
(outer) branchiostegal rays in all ariids are broader than 
the remaining rays, in Ketengus they are exceptionally 
broad. The shape of the urohyal bone is broad and 
truncate anteriorly. The pelvic girdle is strong and the 


137 


P. Kailola 


cleithrum high; the secondary hypurapophysis of the 
caudal skeleton is (occasionally) flattened and ‘tear¬ 
drop’ shaped; and the pelvic fin rays bear low ridges. 

The snout is abrupt; the upper jaw overhangs the 
lower jaw and the broad lip has a crenulate inner 
margin. Each jaw possesses a single series of incisor¬ 
like, sometimes spatulate, teeth with short cusps. There 
are no teeth on the palate. There are rakers along the 
back of all gill arches, the gill openings are much 
restricted, the posterior cleithral process is short, the 
swim-bladder shape is almost triangular and the fin 
spines (especially the pectoral) are thick and strongly 
serrated. The lateral line is sometimes bifurcate at the 
tail base, sometimes single. The condition of the inner 
pelvic fin rays in females is unknown. 

Br 5 or 6. A. 19-21. P. 1,7-8. Total gill rakers (first 
arch) 15. Vertebrae 6+9+4-5+27-29, total 47-49. 

Comparisons. Batrachocephalus and Osteo- 
geneiosus are other ariids having strongly ossified and 
heavy jaws. Other ariids with broad branchiostegals one 
and two are Ccithorops, Plicofollis n. gen. and 
Batrachocephalus , and ridged pelvic fin rays also occur 
in Cephalocassis borneensis, Crypt arias truncal us and 
Aspistor platypogon. Members of Plicofollis n. gen. 
possess a ‘tear-drop’ shaped secondary hypurapophysis. 
In Cephalocassis and some Catliorops taxa the urohyal 
is broad and truncate also. Batrachocephalus, Hemiarius 
diodes and H. stormii have triangular swim bladders. 

Distribution. South-east Asia (Sunda Shelf) from 
the Andaman Islands to Malaya, Thailand, Java and 
Borneo. Inshore coastal waters and tidal reaches of 
rivers. 

Taxa. One valid species: Ketengus typus Bleeker, 
1847. Synonym from literature: Pimeloduspectinidens 
Cantor, 1849. 

Nedystoma Ogilby, 1898 

Nedystoma Ogilby, 1898: 32 (type species 
Hemipimelodus dayi Ramsay and Ogilby, 1886, by 
original designation). 

Doiichthys Weber, 1913: 532 (type species 
Doiichthys novaeguineae Weber, 1913, by monotypy). 

Diagnosis. This taxon is distinguished by possessing 
a reduced gonad (in which the gonad forms a single, 
ovate unit having an internal, incomplete septum) and 
mature females lacking pads or any form of thickening 
on the inner pelvic fin rays. Nedystoma species have a 
narrow band of very small teeth in each jaw, 29-51 
rakers on the first gill arch, rakers present along the 
back of all gill arches, well-elevated subvertebra! cone, 
and a large and rounded posterior dorsomedian 
fontanelle in a smooth neurocranium. 

In Nedystoma the supraoccipital is slender and 
rectangular. The subvertebral cone is strong, the 
temporal fossa is small and reduced, and the frontal 
has narrow anterior arms and is broad posteriorly. The 


laminar bone over the anterior vertebrae is very 
extensive and may bear depressions; the posteromedian 
excavation of the laminar bone is shallow. The 
Mullerian ramus is long and the fourth neural spine is 
high and abuts the well-developed posteromedian 
flange of the epioccipital, especially in N. dayi. The 
premaxillary is thin, the pores in the mandible are 
moderately large (N. dayi) or very large 
(N. novaeguineae). The mesethmoid is convex 
(N. novaeguineae) or notched (N. dayi) and the nasal 
and lachrimal bones are irregularly-shaped 
(N. novaeguineae) or rod-like and curved (N. dayi). 
Nedystoma novaeguineae has seven infraorbital bones 
and N. dayi has four. The posterior cleithral process is 
short and acute. Branchiostegals are slender and 
elongate, the pectoral girdle is strong and compact, the 
lateral arms of the urohyal are slender and tend to 
bifurcate distally, and the elliptical uncinate process 
of the third cpibranchial overlaps the proximal portion 
of the fourth epibranchial. There is a long facet between 
the palatine bone and the lateral ethmoid. 

The slender jaw teeth comprise 1-4 narrow series 
in upper jaw, 1-3 in lower jaw; and there are no 
{N. dayi) or four small (N. novaeguineae) patches of 
teeth on the palate. In N. novaeguineae the gill openings 
are very wide, there are no buccopharyngeal flaps, the 
eye is covered with skin, the chin barbel bases are well- 
staggered, the parapophyses from the fifth vertebra are 
directed at right angles to the vertebra centrum, and 
the fin spines are strong with large serrae. In N. dayi 
the gill openings are much restricted, there are large 
buccopharyngeal flaps, the eye is almost free of skin, 
the chin barbel bases are close together, the 
parapophyses from the fifth vertebra are directed 
posterolaterally and the fin spines are thin. 

Nedystoma dayi: Br 6. A. 19-24. P. 1.10-11. Total 
gill rakers (first arch) 29-43. Vertebrae 6+7-9+4- 
6+29-30, total 47-49. 

All species: Br 6. A. 19-33. P. 1,9-11. Total gill 
rakers (first arch) 29-51. Vertebrae: 6+7-9+2-6+29- 
35, total 47-52. 

Comparisons. The long facet between the palatine 
bone and the lateral ethmoid of Nedystoma occurs also 
in Brustiarius and Plicofollis n. gen.. Only Brustiarius 
nox (56-67), Amissidens hainesi (28-37) and 
Cathorops hypophthalmus (37-41) have more gill 
rakers on the first arch. Nedystoma dayi has affinities 
with Amissidens hainesi and Cephalocassis species in 
the restricted gill openings and large buccopharyngeal 
pads, and N. novaeguineae shares with Nemapteryx 
armiger characters such as widely staggered chin 
barbels, wide gill openings, and palate dentition. The 
subcutaneous eye (of N. novaeguineae) is a state that 
has arisen independently in some other ariids (e.g., 
Cathorops hypophthalmus, Cephalocassis species, 
Hemiarius insidiator). 


138 


The catfish family Ariidae 


Distribution. Sahul Shelf (southern New Guinea). 
Fresh water to brackish/estuarine. 

Taxa. Two species: Nedystoma dayi (Ramsay and 
Ogilby, 1886); N. novaeguineae (Weber, 1913). 

Nemapteryx Ogilby, 1908 

Nemapteryx Ogilby, 1908: 10 (type species Arias 
stirlingi Ogilby, 1898 by original designation). 

Diagnosis. This genus is characterised by strong and 
sharp, usually non-depressible teeth on the jaws and 
palate, and strong jaws, the lower jaw symphysis 
inclined upward. The posterior dorsomedian fontanelle 
is open and deep at all stadia (except for one species), 
the four ridges along the head shield arc always 
prominent, the chin barbels are strongly staggered and 
the dorsal spine bears a filament at all stadia. 

The mesethmoid is shallowly notched or truncate, 
the frontal-lateral ethmoid space is either large or 
moderate, and the temporal fossa is large. The 
metapterygoid is forward in position. The subvertebral 
cone is high (/V. armiger) or low (N. augustus). The 
mandibulary pores are large. The posterior cleithral 
process is short (N. armiger) or moderately long. 

The mouth is strongly curved and the gape is wide. 
On the palate, there are a pair of small vomerine 
patches of teeth (N. armiger, N. nenga, N. augustus) 
(and) large, triangular, ovate or ‘pear’-shaped 
autogenous plates laterally. The eye is small 
( N. armiger, N. augustus) to large and may be 
dominated by the lateral ethmoid; the posterior 
dorsomedian fontanelle is deep and ‘tear-drop’ shaped 
(reducing in size with age in some species); the head 
shield varies from rough and striated to very granular, 
the granules arranged in clusters. The triangular 
supraoccipital process is strongly keeled. The gill 
openings are wide; rakers present on or absent from 
( N. armiger, N. bleekeri) the back of the first two gill 
arches; the barbels are thick and long, strap-like, the 
maxillary barbels are long, 26-45% SL (not in N. 
augustus, where the barbels are thin and only 10-12% 
of SL). The dorsal spine is strong and thick (especially 
basally), rugose, pitted and chambered ( N. nenga, 
N. macronotacanthus) (not in N. armiger, where it is 
thin), its edges granulated or serrated. All fin spines 
are long (65-95% HL). The adipose fin is usually 
short-based and may bear a large dark patch, and the 
lateral line is bifurcate or turned dorsad (N. armiger, 
N. bleekeri, N. augustus) at the tail base. 

Nemapteryx armiger: Br 6. A. 22-25. R 1,9-11. 
Total gill rakers (first arch) 16-22. Vertebrae 15- 
17+5+30-31, total 52. 

All species: Br 6-7. A. 17-25. R 1,9-11. Total gill 
rakers (first arch) 12-22. Vertebrae 15— 19+5—6+30— 
33, total 52-58. 

Comparisons. Ogilby (1908) characterised 
Nemapteryx by the long filament on the dorsal fin 


(retained in adults), villiform teeth, four tooth 
patches across the front of the palate, long barbels 
and small eye. Nemapteryx is closest to Hemiarius 
species with which it shares the strong, fixed teeth, 
wide gill openings, large mandibulary pores and 
temporal fossa, and staggered chin barbels. 
Nemapteryx armiger differs from most Hemiarius 
chiefly in having a high subvertebral cone and short 
posterior cleithral process, and other Nemapteryx 
species differ from Hemiarius in their truncate rather 
than convex mesethmoid, less extensive laminar 
bone, and smooth-edged swim bladder. Nedystoma 
novaeguineae can be compared with Nemapteryx by 
its wide gill openings and well-spaced chin barbel 
bases. 

In earlier work in Indonesia (Kailola 1981) I was 
impressed that Arias caelatus (= Nemapteryx nenga) 
seemed to be a Sunda Shelf ‘replacement species’ for 
the Sahul Shelf N. armiger, and the diet of both taxa 
comprised mainly prawns (Penaeidae). Indeed, Fowler 
(1928: 62) recorded that N. armiger ‘is possibly 
related to, if not synonymous with, Tachysurus 
caelatus (Val.)’. 

Distribution. India to Java (three species); 
southern New Guinea and northern Australia (two 
species); ?Malaya (one species). Inshore coastal and 
estuarine waters. 

Taxa. Probably six valid species: Nemapteryx 
armiger (de Vis, 1884) (synonym: Arias stirlingi 
Ogilby, 1898); N. augustus (Roberts, 1978); ‘IN. 
bleekeri (Popta, 1900) (said by Eschmeyer (1998) to 
be from the Malay Archipelago); N. macronotacanthus 
(Bleeker, 1846) (probable synonym: Ariasparvipinnis 
Day, 1877); N. nenga (Hamilton, 1822) (synonym: 
Arias caelatus Valenciennes 1840a). An unnamed 
species is represented by material in several 
collections from Thailand, Pakistan, Singapore, 
Malaysia and Sri Lanka. 

Literature synonyms of Arias caelatus are Arias 
aequibarbis Valenciennes, 1840a; A. granosus 
Valenciennes, 1840a; A. caelatoides Bleeker, 1846; 
A. chondropterygius Bleeker, 1846; A. clypeaster 
Bleeker, 1846; A. clypeastroides Bleeker, 1846; 
A. microgastropterygius Bleeker, 1846; and 
A. melanopterygius Bleeker, 1849. A literature 
synonym of Arias macronotacanthus is A. arius 
Cantor, 1849 (non Hamilton) and a literature synonym 
of Arius nenga is Bagrus arioides Valenciennes, 1840. 
I have not examined type material of these taxa. 

Comment. Interestingly, Day (1877) labelled his 
figure ot A. parvipinnis as A. macronotacanthus, 
endorsing his remark (p. 461) that the two species are 
‘evidently closely allied'. 1 am uncertain of the status 
of N. bleekeri (Popta) which is based on only two 
specimens, 114 mm SL and 124 mm SL. 
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Netuma Bleeker, 1858 

Catastoma Valenciennes, 1840a: 60 (based on 
Catastoma nasutum Kuhl and van Hasselt, MS). 

Sarcogenys Bleeker, 1858: 96 (based on Sarcogenys 
rostratus Kuhl and van Hasselt, MS). 

Netuma Bleeker, 1858: 23, 61, 62, 67, 93 (type 
species, Bagrus netuma Valenciennes, 1840, by 
monotypy). 

Pararius Whitley, 1940: 409 (type species, Arius 
proximus Ogilby, 1898, by original designation). 

Diagnosis. Species of Netuma are identified easily 
by their tapered, falcate caudal fin lobes, the ‘V’- 
shaped posterior apex of the dorsomedian head groove 
formed by the frontals, their small-based adipose fin 
placed over the posterior of the anal fin, their 
streamlined body shape and somewhat prominent snout 
(especially in adult N. thalassinus), their large, 
triangular autogenous tooth patches placed beside the 
much smaller vomerine tooth patches (four patches in 
N. thalassinus and N. bilineatus , two in N. proximus) 
and scalloped swim bladder. 

The head shield is rugose or slightly granular and 
the frontal bones are tapered posteriorly, the space 
between the lateral ethmoid and frontal bones reduced. 
The mesethmoid is notched with narrow cornuae, and 
smooth (N. bilineatus, N. proximus) or prominent and 
convex, the bone fluted and ridged (N. thalassinus). 
The nasal is curved and aligned with the curve of the 
mesethmoid neck. The frontal is much expanded 
anteriorly (similar to Bagre species) and in N. bilineatus 
the lateral ethmoid is expanded and closes off the space 
between it and the frontal. The temporal fossa is much 
reduced, or absent in N. bilineatus. The epioccipital 
invades the skull roof in N. proximus (not in 
N. thalassinus, N. bilineatus) while the extrascapular 
remains as a separate bone. There are 5-6 
branchiostegals. In N. thalassinus the fin spines are 
half-chambered and the centra of the anterior caudal 
vertebrae are twice wider than the remaining centra. 
The caudal skeleton of N. thalassinus and N. proximus 
bears the apomorphy of the parahypural being sutured 
with hypurals 1 + 2. 

Netuma lack gill rakers along the back of the first 
two gill arches but occasionally there are several rakers 
on the upper limb. The gill openings in N. proximus 
are less wide than are those of the other taxa; the lateral 
line bifurcates at the tail base (infrequently so in 
N. proximus). The swim bladder is heart-shaped and 
its sides are scalloped, and mature females develop pads 
on their inner pelvic fin rays. 

Netuma thalassinus: Br5. A. 14-17. P1,10-12.Total 
gill rakers (first arch) 12-15. Vertebrae 6+13- 
14+6+19-22, total 46-48. 

All species: Br 5-6. A.14-21. P. 1,10-12. Total gill 
rakers (first arch) 10-16. Vertebrae 6+12-15+6-9+19- 
28, total 46-58. 


Comparisons. A fluted, convex mesethmoid also 
occurs in Hemiarius grandicassis, and cf. Arius 
macrorhynchus. In Plicofollis n. gen. nella and 
Cinetodus crassilabris also the parhypural is sutured 
with hypurals 1 + 2. A scalloped swim bladder is 
common to Hemiarius and Plicofollis n. gen. 
Osteogeneiosus and Cryptarius. In some earlier 
analyses (Kailola 1990) N. proximus aligned with 
Aspistor hardenbergi because of the epioccipital 
invading the skull roof and the absence of posterior 
gill rakers. A small adipose fin also occurs in 
Brustiarius species, Bagre, cf. Arius macrorhynchus 
and Amissidens hainesi. 

Distribution. East Africa to Asia (not N. proximus) 
to New Guinea and Australia. Marine to nearshore, also 
entering estuaries and embayments. 

Taxa. Three valid species: Netuma bilineatus 
(Valenciennes, 1840) (synonyms: Bagrus rhodonotus 
Bleeker, 1846; Arius andamanensis Day, 1871 (in part); 
Arius serratus Day, 1877 (in part); Netuma osakae 
Jordan and Kanazawe in Jordan and Hubbs, 1925; Arius 
davi Dmitrenko, 1974); N. proximus (Ogilby, 1898) 
(synonyms: Arius graeffei Paradice and Whitley, 1927 
(non Kner and Steindachner); Arius arafurensis 
Hardenberg, 1948); N. thalassinus (Riippell, 1837) 
(synonyms: Bagrus laevigatus Valenciennes, 1840; 
Bagrus netuma Valenciennes, 1840; Arius nasutus 
Valenciennes, 1840a; Bagrus carchariorhynchos 
Bleeker, 1846; Sarcogenys rostratus Bleeker, 1858; 
Arius andamanensis Day, 1871 (in part); Arius serratus 
Day, 1877 (in part); Ariodes aeneus Sauvage, 1883; 
Netuma thalassina jacksonensis Whitley, 1941). Based 
on its head shape, falcate caudal fin lobes, and small- 
based and posteriorly situated adipose fin (Whitehead 
1969) Galeichthys stanneus Richardson, 1846, is a 
probable synonym of either N. bilineatus or 
N. thalassinus. 

Comments. Consult Kailola (1986) for further 
information on N. bilineatus and N. thalassinus. 

Osteogeneiosus Bleeker, 1846 

Osteogeneiosus Bleeker, 1846: 173 (type species 
Arius militaris Linnaeus, 1758, by subsequent 
designation of Bleeker, 1862). 

Diagnosis. Osteogeneiosus is characterised by its 
possession of a pair of maxillary barbels (only), those 
barbels being long and stiff, supported by an extensive 
and strongly ossified maxilla. 

The subvertebral cone is moderately high, the 
posterior cleithral process is short, the mesethmoid has 
broad cornuae and an almost truncate anterior margin. 
The nasal bone is curved, the lachrimal peculiarly 
shaped. The hind margin of the metapterygoid extends 
well beyond the hind margin of the quadrate. The 
temporal fossa and the posterior dorsomedian 
fontanelle reduce in size with growth. The frontals are 
broader posteriorly with long and slender anterior arms; 
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the bone tissue in the lateral ethmoid is ‘honeycombed' 
(vacuolated). The mandibulary pores are small. 

The head is strongly depressed. The jaw teeth form 
a single band in each jaw and the blunt teeth on the 
palate form two large elliptical patches near the palate 
margins; there are no vomerine teeth. The skull is 
heavily ossified (especially posteriorly); the 
neurocranium rugose, granular or sculptured but 
covered with smooth skin; the supraoccipital is 
elongate. The gill openings are wide, there are long 
and slender rakers along the back of all gill arches, the 
inner rays of the pelvic fin in mature females are 
thickened and the lateral line bifurcates at the tail base. 
The sides of the heart-shaped swim bladder are 
scalloped externally. 

Br6. A. 19-22. P. 1,9-10. Total gill rakers (first arch) 
10-11. Vertebrae 6+11+6+28-30, total 51-53. 

Comparisons. A ‘honeycombed’ lateral ethmoid is 
a feature of some species of Plicofollis n. gen. also. 
Other taxa possessing a scalloped swim bladder are 
Cryptcirius truncatus and some taxa within Plicofollis 
n. gen. Netuma and Hemiarius. 

Distribution. India to South-east Asia. Coastal 
waters, lower reaches of rivers and estuaries; 
freshwater? 

Taxa. One valid species: Osteogeneiosus militaris 
(Linnaeus, 1758). Literature synonyms are: 
Osteogeneiosus blochii Bleeker, 1846; O. gracilis 
Bleeker, 1846; O. ingluvies Bleeker, 1846; O. longiceps 
Bleeker, 1846; O. macrocephalus Bleeker, 1846; 

O. valenciennesi Bleeker, 1846; O. cantoris Bleeker, 

1853; O. sthenocephalus Day, 1877. Types of these taxa 
were not examined. 

Although Eschmeyer (1998: 1095) recorded Silurus 
militaris Linnaeus as the type of Osteogeneiosus ; in 
the same work (p. 2050) he stated that the type is Arias 
militaris Valenciennes, 1840a. 

Plicofollis new genus 

Type species: Arius argyropleuron Valenciennes, 
1840a: 104, by original designation. 

Diagnosis. The new genus Plicofollis is 
characterised by the combination of having four 
autogenous tooth plates (two pairs) longitudinally 
arranged on the palate, an enlarged, rounded 'head' and 
short arms on the vomer, shortened and vertically 
extended distal caudal vertebral centra (in at least four 
taxa), and swim bladder with scalloped or creased sides. 

The neurocranium is granular and striate to rugose, 
and in P. nella the supraoccipital process expands with 
age, becoming large and ovate. The anterior margin of 
the mesethmoid is notched to convex; the lachrimal 
bone is flattened and has extremely produced angles; 
the epioccipital invades the skull roof in some species 
(e.g., P. nella, P. dussumieri) but not in others (e.g., 

P. argyropleuron) while the extrascapular remains as a 


distinct bone. The temporal fossa is open throughout 
growth except in P. dussumieri, in which it is closed 
over in large fish. The metapterygoid is enlarged and 
extends well beyond the hind margin of the quadrate, 
and its suture with the hyomandibular is short to 
moderately wide. The elongate posterior dorsomedian 
fontanclle reduces in size with growth; the frontals are 
broad, the anterior space between its arms and the 
lateral ethmoid reducing with age as the frontal 
expands; and the laminar bone over the anterior 
vertebrae is extensive, concealing the bases of the 
fourth to sixth transverse processes and with only a 
shallow, median excavation. In some species 
(P. dussumieri, P. nella, P. crossocheilos) the lateral 
ethmoid ‘wing’ becomes extremely large: it is ovate or 
rectangular and consists of honeycomb-textured or 
papyraceous bone (as is the bone structure of the 
expanded supraoccipital process in P. nella). 

The mouth is moderately small and the jaw tooth 
bands are short. The jaw teeth are slender, there are no 
teeth on the vomer, and the conical or molariform 
palatal teeth are arranged in two patches each side (one 
behind the other): many or all of the teeth in the front 
patch are frequently missing, and teeth in the second 
patch are sometimes lost also. The head is moderately 
long and the dorsomedian fontanelle is long - from the 
snout to the base of the supraoccipital process. Rakers 
are absent from the back of the first and sometimes 
second gill arches. The gill openings are reduced, the 
membranes meeting at an obtuse angle across the 
isthmus, and the barbels are moderately thick and 
fleshy, those on the mandible with their bases close 
together and almost aligned. The lateral line bifurcates 
at the tail base, the adipose fin lies over the middle of 
the anal fin, and the fin spines are robust, chambered 
in larger fish. The sides of the swim bladder are smooth 
externally and creased or scalloped internally, or 
creased internally and externally (P. argyropleuron), 
and pads develop on the inner pelvic fin rays in mature 
females. 

Plicofollis argyropleuron-. Br 6. A. 14-21. P 1,10- 
12. Total gill rakers (first arch) 10-16. Vertebrae 
6-7+9-12+6-7+32-33, total 48-51. 

All species: Br 6. A. 14-21. P. 1,10-13. Total gill 
rakers (first arch) 10-17. Vertebrae 6—7+9— 15+4— 
7+22-27, total 45-51. 

Etymology. From plico (Latin) meaning fold, and 
follis (Latin) meaning bellows or windbag (Brown 
1956), in reference to the creased or scalloped swim 
bladder characteristic of this group. 

Comparisons. As in most ariid genera, some derived 
features of Plicofollis are shared with other taxa. For 
example, the facet between the palatine bone and the 
lateral ethmoid is long (also in Nedystoma dayi and 
Brustiarius), the first branchiostegal is very broad (also 
in Catliorops, Ketengus, Batrachocephalus), the form 
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of the secondary hypurapophyses of the caudal skeleton 
in P. argyropleuron is similar to that of Ketengus, 
Osteogeneiosus also develops an expanded lateral 
ethmoid comprising ‘honeycomb’-textured bone, 
chambered fin spines occur in P. dusswnieri and P. nella 
(also in some Hemiarius, Cephalocassis melanochir, and 
several other ariid taxa), and large individuals of 
Plicofollis (e.g., P. nella) occasionally develop extra 
tooth patches (as occurs also in Arius dispar, some 
Aspistor and some Sciades ). The first two 
branchiostegals are noticeably broad, as in Ketengus, 
Cathorops and Batrachocephalus. Because 1 have 
examined very little skeletal material of some species 
(e.g., P. layardi, P. crossocheilos, P. dussumieri) I am 
unable to comment on the extent of certain characters in 
the genus; for example, in the caudal skeleton: 
P. argyropleuron has a ‘teardrop’-shaped secondary 
hypurapophyses but this state is not present in P. nella 
and P. polystaphylodon: ; the distal caudal vertebrae do 
not appear to be significantly narrower than the proximal 
vertebrae in P crossocheilos but they are in P. magatensis 
(Bagre marinus also has vertically elongate distal caudal 
vertebrae); and the parhypural is clearly sutured with 
hypurals 1 + 2 in P. nella but not in P. argyropleuron 
and P. polystaphylodon. 

Distribution. East Africa to New Guinea and 
northern Australia. Marine to estuarine; freshwater 
(P. magatensis). 

Taxa. At least seven valid species: P. argyropleuron 
(Valenciennes, 1840a) (synonyms: Arius acutus 
Bleeker, 1846; Arius macrocephalus Bleeker, 1846; 
Arius hamiltonis Bleeker, 1846; Arius schlegeli 
Bleeker, 1863; Tachysurus broadbenti Ogilby, 1908; 
Hemipimelodus colcloughi Ogilby, 1910); 
P. crossocheilos (Bleeker, 1846) (synonym: Arius 
tonggol Bleeker, 1846); P. dussumieri (Valenciennes, 
1840a) (synonym: Arius goniaspis Bleeker, 1858); 
P. layardi (Giinthcr. 1866) (synonyms: Arius tenuispinis 
Day, 1877; Arius satparanus Chaudhuri, 1916; 
P. magatensis (Herre, 1926); P. nella (Valenciennes, 
1840a) (synonyms: Arius leiotetocephalus Bleeker, 
1846; Bagrus (Ariodes) meyenii Muller and Troschel, 
1849); and P. polystaphylodon (Bleeker, 1846). 

Literature synonyms of Plicofollis dussumieri are 
Arius kirkii Gunther, 1864 and possibly Arius 
belangerii Valenciennes, 1840a. I have not seen type 
material of these taxa. 

Potamarius Hubbs and Miller, 1960 

Potamarius Hubbs and Miller, 1960: 101 (type 
species Conorhynchos nelsoni Evermann and 
Goldsborough, 1902, by original designation). 

Diagnosis. Potamarius is distinguished by the 
combination of an almost conical snout, thick lips and 
subinferior mouth, short barbels, eyes placed high on 
the head, tapered body, enlarged metapterygoid 


extending to above the hind margin of the quadrate, 
tiny mandibulary pores, parapophyses of the fifth and 
sixth vertebrae united and angled forward, and a 
toothless palate. 

Potamarius has a well ossified skull. The 
subvertebral cone is moderately low and the flanges 
and ridges of the fourth neural spine and epioccipital 
are poorly developed. There is an apparent 
extrascapular, an enlarged metapterygoid where the 
hind border is well posterior and lies in line with the 
hind border of the quadrate, and an elongate 
hyomandibular. The lateral ethmoid is large, truncate 
and oblong, and posteriorly directed. The posterior 
dorsomedian fontanelle is elongate-rectangular and 
always open, the temporal fossa is large at all growth 
stages, and the mandibulary pores are tiny or 
concealed. The post-cleithral process is moderately 
long, and there is a strong, compact pectoral girdle 
and coracoid keel. The parapophyses of the fifth and 
sixth vertebrae are united and angled forward and form 
a peculiar shape. The basipterygium is enlarged and 
rounded. 

The depressible jaw teeth lie in 10-12 series, and 
the palate is edentate. The chin barbel bases are 
generally close together and aligned, and there are large 
buccopharyngeal flaps and pads; the chin barbels in 
P. nelsoni have membranous inner margins. Rakers are 
present along the back of all gill arches; the gill 
membranes are free yet the openings are somewhat 
restricted. The pectoral axillary pore is large. The fin 
spines are thick and the pectoral spines bear strong 
dentae along their inner edge. The adipose fin lies above 
the middle of the anal fin. the peritoneum is pale, fleshy 
pads develop on the inner pelvic fin rays of mature 
females and the gonad is bilobate. 

All species: Br - (not available). A. 15-21. P. I, 
9-10. Total gill rakers (first arch) 14-18. Vertebrae 
7+10-11+4-5+30, total 52-54. 

Comparisons. Potamarius is comparable with 
Cinetodus (shares 33 character states) and possibly also 
with Cathorops. Cinetodus however, is distinct in the 
absence in mature females of pads on the pelvic fins, 
the presence of a strongly-elevated subvertebral cone, 
high ridges and flange to the epioccipital, large 
mandibulary pores and restricted gill openings. With 
Cathorops, Potamarius shares the character state of the 
parapophyses of the fifth and sixth vertebrae being 
united and angled forward (in most other ariids the 
parapophyses are directed posterolaterally; or at right 
angles). Cinetodus and Aspistor hardenbergi also have 
an enlarged axillary pore. Species of Plicofollis and 
Hemiarius grandicassis share with Potamarius the 
character of an enlarged, oblong lateral ethmoid. 

Distribution. Central America. Fresh water. 

Taxa. Three valid species: Potamarius izabelensis 
Hubbs and Miller, I960; P. nelsoni (Evermann and 
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Goldsborough, 1902); and (following Marceniuk and 
Ferraris Jr 2003) P. grandoculis (Steindachner, 1877a). 

Sciacles Muller and Troschel, 1849 

Sciades Miiller and Troschel, 1849: 6 (type species 
Bagrus (Sciades) emphysetus Miiller and Troschel, 
1849, by subsequent designation by Bleeker 1862). 

Selenaspis Bleeker, 1858: 62, 66 (type species 
Si I liras herzbergii Bloch, 1794, by subsequent 
designation by Jordan and Evermann 1896). 

Sciadeichthys Bleeker, 1858: 62, 66 (type species 
Bagras (Sciades) emphysetus Muller and Troschel, 
1849, by monotypy). 

Leptarius Gill, 1863: 170 (type species Leptarius 
dowii Gill, 1863, by monotypy). 

Sciadeops Fowler, 1944: 211 (type species Sciades 
troschelii Gill, 1863, by original designation). 

Diagnosis. Sciades is characterised by the 
combination of a broad, granular head, an obtuse snout, 
a short and broad supraoccipital, the predorsal bone 
(‘nuchal plate’) increasing in size with growth and 
becoming large, 11-20 thoracic vertebrae and a two- 
chambered swim bladder. 

The mesethmoid is convex to shallowly notched 
anteriorly and the nasal bones are curved. The frontals 
are very extensive anteriorly; the lateral ethmoid-frontal 
space is obscured or greatly reduced by the frontal and 
the underturned lateral ethmoid. The posterior 
dorsomedian fontanelle is short or absent. The vomer 
is ‘T’-shaped and has a broad shaft. The subvertebral 
cone is low or moderately produced (S. troschelii). The 
epioccipital nudges but does not invade the skull roof 
and the extrascapular remains distinct, the temporal 
fossa is open or closed over; the mandibulary pores 
are moderately large (S. troschelii ), tiny (S. proops) or 
closed. The laminar bone over the anterior fused 
vertebrae may be reduced posteriorly and in most 
species bears a deep pocket on each side of the central 
ridge. The flange of the Mullerian ramus is thin, the 
epioccipital flange extensive and the expansive 
supraoccipital and predorsal bone are supported 
underneath by a ridge and strut from the basioccipital 
and forward extensions of the fourth neural spine. The 
parapophyses from the fifth vertebra are turned outward 
in S. proops and S. troschelii (at least). 

The snout is obtuse or prominent, and in some taxa 
it bears a transverse fold of skin between the nostrils. 
The skull surface is smooth to slightly granular 
anteriorly, strongly rugose and sharply granular 
posteriorly; the supraoccipital is triangular to almost 
square, short and broad, and the predorsal bone 
increases in size with growth, becoming either 
butterfly-shaped, rhombic (‘shield’-shaped) or 
crescentic. The bone of the predorsal plate is 
‘honeycombed’ (vacuolated). Teeth on the jaws and 
palate are villiform or finely conical. The vomerine 


tooth patches coalesce to form one patch with age; the 
palatal patches usually are much larger and elongate 
with irregular inner margins; and sometimes in larger 
fish (?females), oval patches of sharp teeth are present 
behind the palatal patches (parasphenoid and/or 
orbitosphenoid teeth). The barbels are strap-like, their 
bases strongly staggered on the chin; the gill openings 
are moderately wide; there are no rakers on the back 
of the first two gill arches and the buccopharyngeal 
pads are moderately developed. The broad posterior 
cleithral process bears radiating lines of granules; the 
axillary pore is small: the dorsal and pectoral fin spines 
are robust and coarsely granular, strongly serrated 
behind and laterally; the adipose fin is moderately large, 
and the lateral line turns upward at the tail base. The 
swim bladder is in two chambers (based on S. 
emphysetus ): a heart-shaped anterior chamber 
connected to an elongate posterior chamber by a ductus 
pneumaticus. There are no pads on the pelvic fins of 
mature female S. emphysetus but the condition in other 
taxa is unknown. 

Sciades emphysetus: Br 6. A. 18-21. P. 1.12. Total 
gill rakers (first arch) 15-17. Vertebrae 7-8+16+4+29- 
30, total 56-57. 

All species: Br 6. A 16-21. P. 1,10-12. Total gill 
rakers (first arch) 16-24. Vertebrae 7—8+11—20+2— 
6+27-36, total 53-67. 

Comparisons. Sciades is most similar to Aspistor 
and Hexanematichtliys , as the genera share an expanded 
predorsal bone, broad granular head, strap-like barbels 
and high number of vertebrae. However, the 
distinguishing features of Aspistor and 
Hexanematichtliys include the single swim bladder, the 
fewer (5-18) thoracic vertebrae and more haemal 
vertebrae (5-8, cf. 2-6 in Sciades), and the fewer gill 
rakers (11 -18, cf. 16-24 in Sciades). The frontal-lateral 
ethmoid space becomes obscured also in 
Hexanematichtliys. The forward-directed parapophyses 
of the fifth vertebra (in some Sciades) are found also 
in Cathorops ; honeycomb-textured or ‘porous’ bones 
(predorsal plate in Sciades) also occur in some species 
of Plicofollis, Osteogeneiosus and Bagre (for example); 
and Cinetodus, Nedystoma dayi and Guiritinga barbus 
(at least) have ‘pocketed’ laminar shelves. 

Distribution. North-eastern and north-western 
South America. Inshore marine. 

Taxa. At least eight valid species: Sciades couma 
(Valenciennes, 1840); S. emphysetus (Muller and 
Troschel, 1849); S. herzbergii (Bloch, 1794); 
S. hymenorrhinos (Bleeker, 1862a) (synonyms (from 
Castro-Aguirre et al. 1999): Arius alatus Steindachner, 
1877; Leptarius dowii Gill, 1863); S. parked (Traill, 
1832); S. passany (Valenciennes, 1840); S. proops 
(Valenciennes, 1840); S. troschelii Gill, 1863. The 
apparently undescribed taxon ‘ usumacinctae MS of 
Bailey’ (MCZ museum labels) also belongs in Sciades. 
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A literature synonym of Sciades couma Valenciennes 
is Sciaedeichthys (Selenaspis) walcrechti Boeseman, 
1954; literature synonyms of S. herzbergii Bloch include 
Pimelodas argenteus Lacepede, 1803, Bagrus mesops 
Valenciennes, 1840a and Bagrus coelestinus Muller and 
Troschel, 1849; of S. parkeri Traill are Bagrus albicans 
Valenciennes, 1840 and Arius bonneti Puyo, 1936; and 
of S. troschelii are Bagrus temminckianus Valenciennes, 
1840 and Arius brandtii Steindachner, 1877. I have not 
seen type material of these taxa. 

Comments. According to Fink and Fink (1996), a 
swim bladder with anterior and posterior chambers is 
characteristic of the Ostariophysi, and the general 
siluriform condition appears to be absence of the 
constriction separating the anterior and posterior 
chambers. In S. emphysetus (at least) the constriction 
is clear, the swim bladder comprising two, possibly 
three chambers, interconnected by short ducts. Howes 
(1985) reported additional swim bladder chambers on 
malapterurid catfishes and some pangasid catfishes. 

Invalid genera 

Paradiplomystes Bleeker, 1863 

Paradiplomystes Bleeker, 1862:8 (type species 
Pimelodus coruscans Lichtenstein, 1819. Type by 
original designation: also by monotypy). 

Paradiplomystax Gunther, 1864, is an unjustified 
emendation (Eschmeyer 1998). The type species was 
described by Lichtenstein (1819) who had just one 
specimen, 75 mm long, said to be from Brazil. The 
name has remained in ariid systematic reports and is 
considered valid (Burgess 1989). However, according 
to W.R. Taylor (in litt. 1987) and H.J. Paepke (in litt. 
1988) the specimen belongs in the Pimelodidae and is 
identical with Hemisorubim platyrhynchos 
Valenciennes, 1840a.Yet the species' status is 
unresolved, as those opinions apparently were based 
on examination of a specimen which was incorrectly 
thought to be the type (C. Ferraris pers. comm.), and 
Lichtenstein’s specimen has not been located. 
Marceniuk and Ferraris Jr (2003) placed the species in 
the synonymy of Bag re bagre (Linnaeus) based on 
Lichtenstein’s description. 

Tachysiirus Lacepede, 1803 

Tachysurus Lacepede, 1803:150 (type species 
Tachysiirus sinensis Lacepede 1803. Type by 
monotypy). 


Wheeler and Baddokwaya (1981) discussed the 
status of Tachysiirus Lacepede and concluded that the 
painting on which the description is based is not of an 
ariid but of a siluroid fish from fresh waters of China. 
Lacepede’s genus Tachysurus (and Tachysurus sinensis) 
therefore is a nomen dubium. 

The following observations are relevant: (1) the fish 
depicted by Lacepede probably belongs to a species of 
Pelteobagrus (Bagridae) (M. Kottelat, pers. comm.); 
(2) an ariid commonly identified as Arius sinensis (non 
Lacepede) occurs in the East and South China Sea (see 
also Fowler 1932). It is figured and described by Chu 
et al. (1999). I have re-identified a specimen identified 
as that species by Fumio Ohe (Bihoku High School, 
Aichi Prefecture. Japan) an Arius arenarius (Muller and 
Troschel). It is possible that the species called Arius 
sinensis by Mai (1978) is also referable to A. arenarius. 
Kottelat (2001) also re-identified Arius fangi Chaux in 
Chaux and Fang, 1949, from Vietnamese waters as 
A. arenarius. 

Arius arenarius is most similar to A. arius 
(Hamilton), which also occurs in the area. Arius arius 
is a senior synonym of Arius falcarius Richardson, a 
species placed in the synonymy of Arius sinensis (non 
Lacepede) by Chu et al. (1999) and earlier authors 
(Eschmeyer 1998, 2003). The main distinguishing 
characters are identified in Table 3. 

Incertae sedae 

Several taxa, about which usually I had sound 
information, cannot be accommodated into the 
proposed classification. Further study should reveal the 
appropriate placement for these taxa. 

Gen ideas Castelnau, 1855 

Genidens Castelnau, 1855: 33 (type species Bagrus 
genidens Valenciennes, 1840. Type by original 
designation, or by absolute tautonomy). Synonyms from 
literature: Genidens cuvieri Castelnau, 1855; Genidens 
granulosus Castelnau, 1855. 

Genidens is characterised by the low conical palate 
teeth embedded on two extensive, thick ‘cushions’, one 
on each side of the palate. Sometimes there is more 
than one tooth patch on each side of the palate; there 
are no vomer teeth. The lower jaw symphysis is 
upturned, the mouth is small, and there is a prominent 
median ridge on the palate. The gill openings are 
slightly restricted, and the lower inside of the 
operculum bears a deep pouch. The chin barbels have 


Table 3. Characters separating Arius arius (Hamilton) and Arius arenarius (Muller and Troschel). 



mx barbel 
as % of SL 

eye diameter 
in head length 

eye diameter 
in snout length 

dorsal fin 

filament in adult 

adipose fin with 
dark spot 

tooth patches 
on palate 

arius 

24-37 

4-6 

about 2 

yes 

yes 

spreading from 
front to back 

arenarius 

15-24 

6-8 

about 3 

no 

no 

at front only 
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membranous inner margins. The posterior cleithral 
process, and the adipose fin base, are short. The 
mesethmoid is notched and extends ventrally to reduce 
the lateral ethmoid-frontal space; the posterior 
dorsomedian fontanelle is absent; the temporal fossa 
is open; and the subvertebral cone is moderately high. 
The Mullerian ramus is high and strongly curved and 
the flange of the fourth neural spine is broad. The fourth 
and fifth parapophyses are turned at right angles, the 
fifth one long and expanded distally; the posterior 
margin of the laminar bone over the anterior vertebrae 
is raised distally. 

Br 6. A 16-19. P. 1,10. Total gill rakers (first arch) 
14-16. Vertebrae 7+11+5+28. 

Comparisons. In the phylogenetic analyses (this 
work; Kailola 1990) Genidens always separated out 
near Brustiarius, Ariopsis, Ariodes and Arius (Fig. 15). 
Genidens genidens has features in common with 
Brustiarius, such as acute posterior cleithral process 
( B. nox), large eye, variable development of palate teeth 
and poorly developed buccopharyngeal pads (like 
B. solidus)', but it differs in having a somewhat 
restricted gill opening, pale mouth cavity, a deeply 
notched mesethmoid, straight nasal bone, moderately 
long hyomandibular-metapterygoid sutures, rugose 
skull surface, no teeth on the vomer and rakers absent 
only occasionally from the back of the first gill arch. 

Genidens bears several character-states that are 
either homoplastic (e.g., dentition, short posterior 
cleithral process) or autapomorphic (e.g., the expanded 
fifth parapophysis). Marceniuk and Ferraris Jr (2003) 
regarded it as a senior synonym of Guiritinga Bleeker 
(see below). 

Distribution. Freshwaters of north-eastern South 
America. 

Guiritinga Bleeker, 1858 

Guiritinga Bleeker, 1858: 62, 67 (type species 
Pimelodus commersonii Lacepede, 1803. Type by 
monotypy). 

See comments under Ariopsis, above. 

In Guiritinga barbus (the senior synonym of 
Pimelodus commersonii), the lower inside of the 
operculum bears a deep pocket or pouch and the gill 
membrane is broadly attached to the lower inside 
operculum. A deep pocket on the inside of the 
operculum is present also in Osteogeneiosus, 
Galeichthys and Genidens. The temporal fossa is almost 
absent and the metapterygoid hind margin is in line 
with the hind margin of the quadrate. The laminar shelf 
bears a deep pocket on each side of the central ridge (a 
feature also present in Cinetodus froggatti, some 
Sciades species and Nedystoma dayi) and the 
peritoneum is dusky brown or spotted (also in 
Hexanematichthys sagor and Arius oetik). 


In Guiritinga the palatal dentition sometimes breaks 
into patches on each side (as also in Genidens and cf. 
Arius harmandi). In G. planifrons the bases of the fourth 
to sixth transverse processes are exposed, and the 
laminar bone is deeply excavated. 

Distribution. Eastern South America. Inshore 
waters. 

Taxa. Guiritinga barbus Lacepede, 1803 (synonym: 
Pimelodus commersonii Lacepede, 1803); G. planifrons 
(Higuchi, Reis and Araujo, 1982). 

cf. Arius rugispinis Valenciennes, 1840a, and cf. 

Arius phrygiatus Valenciennes, 1840a 

Synonym from literature for cf. Arius rugispinis : 
Tacky sums atroplumbeus Fowler, 1931; synonym from 
literature for cf. Arius phrygiatus: Arius dieperinki 
Bleeker, 1862a. 

These taxa appear distinct by the combination of 
their tapered head, very rugose and granular head shield 
confined to the distal half of the head, long dorsomedian 
fontanelle, triangular and ridged supraoccipital process, 
small eye (10-14 in head length) and very long adipose 
fin (longer than anal fin base). The mouth is somewhat 
inferior, the lips are thick, the maxillary tooth band is 
broad and emarginate at each end. There are low and 
conical teeth in two small widely spaced patches on 
the palate. The gill openings are wide, there are 13-17 
gill rakers on the first gill arch, and there are no rakers 
along the back of the first two gill arches; the barbels 
are thin, and the bases of the chin barbels are aligned. 
The lateral line is much branched, the humeral process 
is granular, the axillary pore is minute and the fin spines 
are broad. The mesethmoid has a deep median notch 
and short cornuae; the frontal is narrow anteriorly with 
long thin arms, the space between them and the 
triangular lateral ethmoid is large. The long alary 
processes (off the parasphenoid) extend across the 
space to touch the frontal arms. The subvertebral cone 
is high and the posteromedian flange of the epioccipital 
and lamina of the fourth neural spine are high and 
strong. The laminar bone over the fused vertebrae is 
extensive, the temporal fossa is large, the vomer is 
‘T’-shaped, and the epioccipital abuts but does not enter 
the skull roof. 

Comparisons. These taxa appear to have affinity 
with Cathorops by their tapered head, short-armed and 
notched mesethmoid, large frontal-mesethmoid space, 
extensive laminar bone and high subvertebral cone, but 
they differ because of (for example) the epioccipital 
feature and absence of posterior gill rakers. 

Distribution. North-eastern South America. 
Estuaries and inshore marine waters. 

cf. Arius acutirostris Day, 1877 

Chandy (1953: 3) stated: ‘This is one of the species 
recorded by Day from the fresh waters of Burma, where 
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it is commonly found. The species is easily identified 
on account of its pointed rostrum, from which the 
specific name is derived. The rostrum is formed by the 
elongation of the upper jaw which is fleshy and lies in 
advance of the lower jaw.’ I have examined whole 
material (Appendix A) and add the following 
information: the buccopharyngeal ornamenture is well- 
developed; rakers are present along the back of all gill 
arches; the fins are pigmented and the rugose dorsal 
spine may be chambered; the eye is situated 
dorsolaterally, and its margin is not completely free; 
the barbels are thin and short, the chin barbel bases are 
aligned; the jaw teeth are long and depressible and the 
low and conical palate teeth form two ovate patches at 
the front of the palate. 

Distribution. Burma. Fresh water. 

cf. Arius Itarmandi (Sauvage, 1880a) 

Probable synonym: Arius brevirostris Steindachner, 
1901. 

I have redescribed the type material (Kailola 1999). 
The species is distinguished by its striated head shield, 
slender jaw teeth, conical palate teeth arranged into four 
patches forming a wide crescent across the front of the 
palate, and rakers along the back of all gill arches. 

Distribution. Thailand to Borneo. Estuaries and 
tidal reaches of rivers. 

cf. Arius macrorhynchus (Weber, 1913) 

Synonym: Hemipimelodus aaldereni Hardenberg, 
1936. 

The appropriate position for this species was not 
found in the phylogenetic analyses, although it was 
consistently nearest the PlicofoIIis clade (Fig. 15) and 
Genidens. The species cf. Arius macrorhynchus is 
characterised by a mesethmoid which is convex, heavily 
striated with short cornuae and turned ventrad, a 
uniquely shaped nasal bone and angular lachrimal, short 
metapterygoid-hyomandibular suture, large temporal 
fossa, frontal bone broad posteriorly with narrow 
anterior arms, laminar bone over the anterior vertebrae 
reduced, long barbels rounded in cross-section, small 
ventral mouth and prominent snout indented at the 
nostrils, lips present only at the mouth corners, mouth 
small and inferior, no teeth on the palate, no rakers 
along the back of the first gill arch, and a short-based 
adipose fin. 

Br 7. A 20-22. P. 1,10-11. Total gill rakers (first 
arch) 12-15. Vertebrae 17+5-6+28-29. 

Distribution. Central-southern New Guinea. Fresh 
water. 

Specimens of an unknown species collected by 
Maurice Kottelat in 1991 from a freshwater lake in the 
Mahakam River basin in eastern Borneo appear to 
belong in the same group as does cf. Arius 
macrorhynchus. 


cf. Arius subrostratus Valenciennes, 1840a 

Synonym from literature (Day 1877): Arius rostratus 
Valenciennes, 1840a. 

Chandy (1953: 13) stated: ‘This is an exclusive 
peninsula species of India ... It is a marine form, 
ascending rivers. ... The species has a remarkably long 
dorsal filament, reaching adipose fish [sic].' The head 
is ‘dog’-like and the mouth is small; the large eye is 
dorsolateral; the barbels are short, the maxillary barbel 
reaching only as far as the eye, or less; the short conical 
palate teeth are in two widely separated oval patches; 
rakers are present on the back of all gill arches and the 
buccopharyngeal pads are well developed; the gill 
openings are partly restricted; the fin spines are strong, 
the dorsal spine bearing a filament; the lateral line 
bifurcates at the tail base, and the caudal fin lobes are 
broad. The inner rays of the pelvic fins are thickened 
in mature females. Total gill rakers (first arch) 22-26; 
A. 18-19. 

Distribution. Pakistan and India. Jayaram (1982) 
reported that the species is found as far east as 
Philippines and Indonesia but according to other 
authors (Weber and de Beaufort 1913; Herre 1926; 
Kottelat et al. 1993; Tan and Ng 2000) this is not so. 

West African taxa. (refer Taylor and van Dyke 
1981; Taylor 1986). 

Lacking access to appropriate material and other 
resources, I am unable to suggest the appropriate 
placement for the ariid fauna of West Africa. Taylor 
and van Dyke (1981) and Taylor (1986) recorded five 
species from the region: Arius africanus Giinther in 
Playfair and Gunther. 1867; Arius gigas Boulenger, 
1911; Arius heudelotii Valenciennes, 1840a; Arius 
latiscutatus Gunther, 1864; Ariusparkii Gunther, 1864. 

CONCLUSIONS 

The findings from this study lay the foundations for 
a much better and respectable global understanding of 
ariid catfish systematics, despite problems involved in 
hypothesising the phylogeny of some sections of the 
family through my lack of access to material. In 
addition, because it is the most widely-dispersed catfish 
family (extant or extinct representatives known from 
five of the six continents) and tolerates a variety of 
water habitats, the phylogenetic information revealed 
here will facilitate the development of hypotheses of 
comparative evolution and zoogeography of the entire 
Otophysi clade of ostariophysans (Fink and Fink 1996). 

The Ariidae was long regarded as a pariah among 
siluroid families (Gosline 1975) - a status quite clearly 
undeserved. As discussed earlier, the play of homoplasy 
is remarkable and the selection of characters has been 
a challenge; yet even relatively generalised catfishes 
(ariids, sisorids: Roberts and Ferraris Jr 1998) have 
highly specialised features. It may be that other 
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researchers will choose different characters and 
outgroups (and have available more material) and the 
relationships of those characters may lead those 
researchers to re-state genera and re-align contained 
species; for example, Markle (1989) arrived at different 
character polarity in gadoid fishes through the use of 
alternative outgroups. Even so, I believe that 
combinations of many of the characters I have used 
here identify natural suites of ariid taxa and that the 
phylogeny I presented here reflects true relationships. 

Warts and all, this presentation is made to lay a more 
informed foundation for the resolution of ariid 
phylogeny and systematics. From one perspective, it's 
all a matter of balance, and from the other, they’re all 
pretty marvellous fish. 
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APPENDIX A. Ariid material examined. Species names are those given in their original descriptions. Asterisks indicate specimens 
examined more thoroughly. 


Arius acrocephalus Weber, 1913 - 1, AMNH 9514, Lorentz 
River, southern New Guinea, 120 mm SL, paratype*. 

Arius acutirostris Day, 1877 - 1, AMS B.7733, Irrawaddy River, 
Burma, Day’s Collection. 82 mm SL*; 5, NHRM MAL/ 
1934.457.3513, Moulmein, Burma, 107-132 mm SL*. 

Arius acutus Bleeker, 1846 - 5, (possibly including syntype(s): 
Kailola 1990), RMNH 6895 (in part). East Indies Archipelago, 
150-260 mm SL*. 

Ariodes aeneus Sauvage, 1883 - 2*, MNHN A.5155, “lies 
Rallies” (=Singapore), 113-117 mm SL, cotypes*. 

Arius andamanensis Day, 1871 - 1*. ZS1 1307, Andaman 
Islands, 246 mm SL, cotype*; LAMS B.7931, Andaman Islands, 
192 mm SL, cotype (type status confirmed: Ferraris Jr et al. 
2000 )*. 

Galeiclithys aquadulce Meek, 1904 - 1, UMMZ 197272, 160 
mm SL; 2, UMMZ 198711, 212-231 mm SL (skeletons)*; 1, 
UMMZ 198712, 234 mm SL (skeleton)*; 6, UMMZ 143454, 
Guatemala, 105-205 mm SL*. 

Arius arenarius Muller and Troschel. 1849 - 1, ZMB 3001, 
China, 255 mm SL, holotype*; 3, USNM 191247, Tanshui, 
Taipei Hsien, Taiwan, 217-250 mm SL*; I, CAS SU 27967, 
Hong Kong. 240 mm SL; 1, USNM 191246, Taiwan, 220 mm 
SL; 1. MCZ 23717. China, 172 mm SL; I. USNM 86363, China, 
123 mm SL; 13, USNM 86932, Foochow, China. 72-166 mm 
SL; 2, USNM 86345, China, 53-58 mm SL; I. USNM 87096. 
Hainan, 97 mm SL; I, ANSP 52670, China. 290 mm SL; 1, 
ANSP 76603, Hong Kong, 207 mm SL: 1, ANSP 106773, Fukien, 
China, 69 mm SL; 2, CAS SU30273, Canton, 73-83 mm SL; 1, 
CAS SU26967, Hong Kong, 240 mm SL; 3, CAS SU1764, 
Swatow, China, 63-91 mm SL; 1. CAS SU35777, 111 mm SL; 
CAS SU2796, Tinghai, Chusan Island, 85 mm SL; 3, MCZ 7714 
(part), Penang, Malaysia. SL not recorded: I, CSIRO H.5299- 
01,80 kilometres off Xiangshan, East China Sea, 290 mm SL. 
(= type species of Ariodes Muller and Troschel). 

Arius argyropleuron Valenciennes, 1840 - 48 specimens 
examined (Kailola 1990) from India (Bombay), Malaysia 
(Penang), Java, southern New Guinea to northern Australia 
(Dampier to Moreton Bay). (= type species of Plicofollis 
n. gen.). 

Pimelodus arius Hamilton, 1822 - I, LACMNH 38126-27, 
Karachi fish market, Pakistan, 176 mm SL*; 6, LACMNH 
38129-95, off mouth of Korangi Creek, Sind, Pakistan, 99- 
190 mm SL *; 1, LACMNH 38132-63 (in part), mouth of 
Turshian Creek. Sind, Pakistan, 83 mm SL*; I, LACMNH 
38134-52, about 6 miles south of Hajambro Creek, Sind, 
Pakistan, 188 mm SL*; 1, LACMNH 38135-35, lower 10 
kilometres of Hajambro Creek. Sind. Pakistan, 243 mm SL*; 1. 
NMV 45949, East Indies Archipelago, Bleeker Collection A, 
156 mm SL; 1, NMV 20620, ‘Island of Formosa’, 153 mm SL; 
2, USNM 248196, Sind River, Hyderabad. Pakistan, 200-220 
mm SL; 5, RMNH6899, no collection data, coll. P. Bleeker, 
161-271 mm SL, paratypes of Pseudarius arius*; 1, AMS 
1.28082-041 (part), Malaysia, 123 mm SL. (= type species of 
Arius Valenciennes and Pseudarius Bleeker). 

Arius armiger de Vis, 1884 - 206 specimens examined (Kailola 
1990) including the syntypes (QM 1.3088, 148 mm SL; QM 
1.3089, 134 mm SL)* from localities ranging from southern New 
Guinea (Vogelkopf Peninsular to Yule Island) to northern 
Australia (King River to eastern Gulf of Carpentaria). (= type 


species of Nemapteryx Ogilby, based on stirlingi Ogilby, a 
junior synonym of armiger De Vis). 

Arius assimilis Gunther, 1864 - I, GCRL V70:4657, Quintana 
Roo, Mexico, 87 mm SL*; 1, UMMZ 197184, Guatemala, 320 
mm SL (skeleton)*; 2, LACMNH, Rio Chiuaha. Honduras, 76- 
80 mm SL*; 3, GCRL V70:6008, Boca del Rio Chibana, 
Honduras, 42-85 mm SL*. 

Hemipimelodus atripinnis Fowler, 1937 - 1, ANSP 67096, 
Bangkok, Thailand. 130 mm SL. type*. 

Arius augustus Roberts, 1978 - 15 specimens examined 
(Kailola 1990) including types (AMS 1.27090-001.342 mm SL, 
holotype; AMS 1.22460-001, 308 mm SL, paratype; KFRS 
F.4681-01,285 mm SL. paratype; USNM 217068, 2 specimens, 
90-101 mm SL; USNM 217067, 412 mm SL paratype)* from 
localities ranging from the upper Fly River to the Vailala River, 
southern New Guinea. 

Arius australis Gunther, 1867-l.BMNH 1866.6.19.7. Hunter 
River, eastern Australia, 380 mm SL, syntype*; 1, BMNH 
1866.2.13:4, same data, 275 mm SL, syntype*. 

Galeiclithys azureus Jordan and Williams, in Jordan, 1895 - 
I, CAS SU 11575, Mexico, 392 mm SL, holotype*. 

Silurus hagre Linnaeus, 1766 - 1. GCRL V81:17228. 04"4US, 
51”16’W, 193 mm SL*; 1, CAS 27063, skull, 58 mm HL. (= 
type species of Bagre Cloquet). 

Pimelodus barbus Lacepede, 1803 - 1, GCRL unregistered, 
32°58’S, 52°27'W, 179 mm SL*; I, unregistered, Rio Grande, 
Mexico (skeleton)*. (= type species of Guiritinga Bleeker, 
based on Pimelodus commersonii Lacepede, a junior synonym 
of barbus Lacepede). 

Tachysurus (Pararius) berneyi Whitley, 1941 - 94 specimens 
examined (Kailola 1990) including types (AMS 1.13076, 141 
mm SL, type; AMS 1.13075, 255 mm SL, paratype; 12 
specimens, AMS 1.8077 - AMS 1.8088, 79-116 mm SL, 
paratypes)* from localities between the Fly and Strickland River 
systems, southern New Guinea and rivers draining northwards 
into the Gulf of Carpentaria, northern Australia. 
Hemipimelodus beruhardi Nichols, 1940 - 3, AMNH 15040, 
Bernhard Camp, Idenbcrg River. New Guinea, 109-173 mm SL, 
paratypes*. 

Hemipimelodus bicolor Fowler, 1935 - 1. ANSP 60777, 
Bangkok, Thailand, 190 mm SL, type*. 

Bagrus bilineatus Valenciennes, 1840 - 214 specimens 
examined (Kailola 1990) including a cotype (MNHN A.9344, 
240 mm SL)* from localities between the north-western Indian 
Ocean (Bahrain; Arabia) to eastern Australia (Townsville). 
Arius bleekeri Popta, 1900 - 2, RMNH 6825, no collection 
data, but probably East Indies Archipelago, 114-124 mm SL, 
types*. 

Arius boakeii Turner, 1867 - 1. BMNH 1866.7.11:1, Ceylon, 
163 mm SL. type*. 

Pimelodus borneensis Bleeker, 1851 - 1, RMNH 27618, 
Bandjcrmassin, Borneo, 113 mm SL, type (also a syntype of 
Hemipimelodus macrocephalus Bleeker, 1858: M. Boeseman, 
in litt.)*; I, NMV 46464, East Indies Archipelago, Bleeker 
Collection A, 82 mm SL*; 1, ANSP 60710-15, Bangkok, 
Thailand. 106 mm SL*; 5, UMMZ 181175, Tonic Sap. Mekong 
River drainage, Cambodia. 98-128 mm SL*; 1, UMMZ 214631. 
Chau Doc market, Vietnam, 120 mm SL; 2, UMMZ 214645, 
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Chau Doc market, 130-144 mm SL; 1,USNM 103195, Thailand, 
175 mm SL; 2, ANSP 87374, Bangkok, Thailand, 130-144 mm 
SL; 5, ANSP 60710-16 (part), 33-106 mm SL; 1. UMMZ V74- 
173, Vietnam, 32 mm SL; ?, UMMZ V74-179, Vietnam, 31-40 
mm SL; I, UMMZ V74-174, Vietnam, 34 mm SL; 13, UMMZ 
V74-I7I, Vietnam, 31-45 mm SL. (= type species of 
Hentipimelodus Bleeker). 

Ancharius brevibarbis Boulenger, 1911 -2, MNHN 1960-235, 
Region de 1'Est, freshwater, Madagascar, 119-173 mm SL. 
Tacliysurus broadbenli Ogilby, 1908 - 1, QM 1.9745. Cape 
York. Queensland, 290 mm SL, syntype*. 

Arius burmanicus Day, 1870 - 1, AMS B.7520, Moulmein, 
Burma, 265 mm SL, syntype* (type status confirmed: Fcrraris 
Jr et al. 2000); 1, NHRM Mal/1934-457 3512, Moulmein, 
Burma, 163 mm SL*; 1, MCZ 7297, 265 mm SL*. 

Arius caelatus Valenciennes, 1840- I, MNHN B.589, Batavia. 
Java, 260 mm SL, type*; 1. QM 1.24783. Tanjung Priok. Jakarta, 
1980, 295 mm SL*; 1, AMS 1.26979-001, Muarakarang. Jakarta, 
1980, 129 mm SL*; 1, AMS 1.26979-002, same data, 198 mm 
SL*; 3, AMS 1.26979-003, same data, 206-229 mm SL*; 1, QM 
1.25784, same data. SL not recorded; 1, MZB 2160, Bclukang, 
Lampung Selatan, 154 mm SL*; 1, AMS B.7940, Bombay, India, 
Day’s Collection, approx. 290 mm SL*; 61, LACMNH 60649- 
89, Bangkok, Thailand, 37-62 mm SL; 1, ANSP 77914, 
Bangkok, Thailand, 207 mm SL; I. ANSP 60716, Thailand, 45 
mm SL; I, ANSP 77240, Saigon, Vietnam. 108 mm SL; 4, ANSP 
61573-77 (part), Thailand, 47-59 mm SL; 13, ANSP 60690- 
702, Bangkok, Thailand, 1934, 63-134 mm SL; 3, ANSP 
61568-72, Bangkok, Thailand, 40-56 mm SL; 1, LACMNH 
38128-47, 194 mm SL*; 1.ANSP61599, Bangkok, Thailand, 
81 mm SL; 1, ANSP 60735-36 (part), Paknam, Thailand, 125 
mm SL; I, NMV 45986, East Indies Archipelago, no date, 
Bleeker Collection A, SL not recorded; 1, AMS 1.27635-003, 
Malaysia, 165 mm SL. 

Arius caerulescens Gunther, 1864 - 22, LACMNH 32295-2, 
42-143 mm SL*. 

Hagrus carchariorhynchos Bleeker, 1846 - 2, RMNH 6885 
(in part), Batavia, 137-370 mm SL*, larger specimen probably 
the type (Kailola 1990). 

Arius (Hemiarius) carinatus Weber, 1913 - 19 specimens 
examined (Kailola 1990) including five syntypes (ZMA 111.110, 
155 mm SL; AMN11 9265, 2 specimens, 50-50 mm SL; RMNH 
28007, 212 mm SL; MZB 143, 2 specimens, 80-90 mm SL)* 
from localities between the Sandc River and Lakekamu River, 
southern New Guinea. 

Arius cleplolepis Roberts, 1978- 1, USNM 217070, upper Fly 
River, southern New Guinea, 218 mm SL, paratype*; 1, USNM 
217071, downstream from Kiunga, southern New Guinea, 353 
mm SL, paratype*. 

Arius coatesi Kailola, 1990 - 9 specimens examined (Kailola 
1990a) including types (AMS 1.25405-001, 270 mm SL 
(holotype); AMS 1.25405-002, 450 mm SL; KFRS F03995, 237 
mm SL; KFRS FO4018, 242 mm SL; QM 1.21673, 375 mm SL; 
WAM P.28221-001. 4 specimens, 290-390 mm SL)* from 
localities in the Sepik and Ramil rivers, northern New Guinea. 
Hemipimelodus coclilearis Fowler, 1935 - I, ANSP 60767, 
Paknam, Thailand, 160 mm SL, holotype; 6, ANSP 60768- 
60773, Paknam, Thailand, 137-156 mm SL, paratypes*. 
Hemipimelodus colcloughi Ogilby, 1910 - 1, QM 1.1538, 
Croker Island. Northern Territory, 158 mm SL, type*. 


Tetranesodon coiiorliynchus Weber, 1913- 1, ZMA 111.084, 
Lorentz River, southern New Guinea, 170mm SL, holotype*. 
(= type species of Tetranesodon Weber). 

Bagrus couma Valenciennes, 1840 - 1. MCZ 51717, 
Georgetown, Guyana, 197 mm SL*; 2, UMMZ 201601-S 
(skeletons)* (this material is catalogued as Arius kessleri 
Steindachner). 

Hemipimelodus crassilabris Ramsay and Ogilby, 1886 - 11 
specimens examined (Kailola 1990) including types (AMS 
B.9961, 161 mm SL (holotype); QM 1.857, 127 mm SL)* from 
localities from the Digoel River to the Purari River, southern 
New Guinea. (= type species of Pachyula Ogilby). 

Arius crossocheilos Bleeker, 1846 - 3, RMNH 6894, ‘East 
Indies’, 155-297 mm SL, syntypes*; 1, MCZ 24861. 143 mm 
SL. 

Arius curtisii Castelnau, 1878 - 1*. MNHN B.693, Moreton 
Bay, eastern Australia, 144 mm SL, syntype*. (= type species of 
Neoarius Castelnau). 

Arius (Hemiarius) danielsi Regan, 1908 - 18 specimens 
examined (Kailola 1990) including the holotype (BMNH 
1905.8.15:21. 148 mm SL)* from localities ranging from the 
Lorentz River system to the Purari River system, southern New 
Guinea. 

Ariusdasycephalus Gunther, 1864- 1, BMNH 1855.9.19:1100, 
‘Oahu. Hawaii’, Haslar collection, 229 mm SL. holotype*; 1, 
AMS 1.4981, Panama, 220 mm SL*. 

Hemipimelodus dayi Ramsay and Ogilby, 1886 - 29 specimens 
examined (Kailola 1990) including types (AMS B.9938, 162 
mm SL. holotype; AMS B.9939, 112 mm SL, paratype; AMS 
B.9940, 166 mm SL, paratype; AMS B.9942, 162 mm SL, 
paratype; QM 1.879, 3 specimens, 75-161 mm SL. paratypes)* 
from localities from the Lorentz River to the Purari River system, 
southern New Guinea. (= type species of iVedystoma Ogilby). 
Arius diodes Kailola, 2000 - 26 specimens examined (Kailola 
2000) including types (CS1RO C.3798, 430 mm SL, type; NTM 
S.l 1190-001, 2 specimens, 450-460 mm SL, paratypes; AMS 
1.15557-041, 2 specimens, 103-172 mm SL, paratypes; AMS 
1.29292-001, 159 mm SL, paratype; CSIRO H.5154-01. 1050 
mm SL, paratype; NTM S. 14828-005, 95.1 mm SL, paratype; 
KFRS FO4094, 200 mm SL, paratype)* from localities ranging 
from the Kamora River to Oreke River in southern New Guinea 
and Adelaide River to Norman River, northern Australia. 

Arius dispar Herrc, 1926 - 4, AMS 1.37418-001. Dau market, 
Manila, Philippines. 176-231 mm SL*; 2, NSMT P.43697 (part). 
East China Sea (32‘’35'N. 122 o 40’E), 157-177 mm SL*; I, CAS 
SU 35081, Los Banos, Philippines (skeleton)*; 1, USNM 78097, 
Los Banos, Philippines, 93 mm SL; 1, unreg?. Philippines, 88 
mm SL*. 

Leptarius dowii Gill, 1863 - I, CAS SU 5548. Panama, 284 
mm HL (skeleton)*; 1, USNM 214859, 125 mm HL (skeleton)*. 
(= type species of Leptarius Gill) . 

Arius dussumieri Valenciennes, 1840 - I, AMS B.8013, 
Malabar, India, Day’s Collection. Ill mm SL*; l.SAM 12381, 
Chinoe River, Africa, 187 mm SL*; I, SAM 12403, Chinoe 
Ocean Beach, Africa, 163 mm SL*; 3, LACMNH 38131-48, 
Hajambro Creek mouth, Sind. Pakistan, 145-163 mm SL; 1, 
USNM 297919, Visakhapatnam, India. 186 mm SL; 1, USNM 
160551-53?, Philippines, SL not recorded; 6, AMS 1.28123- 
001, Mozambique, 115-137 mm SL. 
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Galeichtliys eigenmanni Gilbert and Starks, 1904 - 3, CAS 
SU 12878, 12879, 12880 (3 lots), 240-295 mm SL. paratypes; 
1, CAS SU 6987, no data, 276 mm SL, holotype*. 

Tachysurus emmelane Gilbert in Jordan and Evermann, 1898 
— 1, CAS SU 5818, Panama, 231 mm SL. holotype*. 

Bagrus (Sciades) emphysetus Miiller and Troschel, 1849 - 1, 
ZMB 2990, Surinam, 320 mm SL, holotype*. (= type species 
ot Sciades Muller and Troschel and Sciadeiclttliys Bleeker) 
Tachysurus evermanni Gilbert and Starks 1904 - 1, CAS SU 
6706, Gulf of Panama, 206 mm SL, holotype*. 

Arius falcarius Richardson, 1845 - 1, AMS B.7943, Bombay, 
India, Day's Collection, 258 mm SL*. 

Galeichtliys feliceps Valenciennes, 1840 - 1, SAM 23981. 
Strandfontein, South Africa, 93 mm SL*; 3, SAM 25000, no 
data, 138-171 mm SL*; 2, AMS 1.19799-002, Knysa, South 
Africa, 39- 42 mm SL; 1. AMS 1.37513-001. South Africa, 290 
mm SL*; 1, AMS 1.29287-001, South Africa, 280 mm SL; 1, 
USNM 292844, 33° 39’20"S, 26° 44'E, 300 mm SL (skeleton)*. 
(= type species of Galeichtliys Valenciennes). 

Silurusfelis Linnaeus, 1766- 1, MCZ3I925, Beaufort, North 
Carolina, America, 216 mm SL*; 1, GCRL V71:7705, Lemon 
Bay, Florida, 205 mm SL; 1, LACMNH 32600-1, c. 275 mm SL 
(skeleton)*: 1, UMMZ 18641-S, Mexico, 300 mm SL (skeleton); 
1, UMMZ 17947, 322 mm SL (skeleton); 1, UMMZ 186995-S, 
322 mm SL (skeleton)*; 1, UMMZ 186481, 290 mm SL 
(skeleton); 1. GCRL V62:652, Mississippi Sound, America, 110 
mm SL; 1. LACMNH 32705-3, 134 mm SL*; 5, ZMB 31872, 
Biloxi, Mississippi, east of Ship Island, SLs not recorded; 18, 
AMS 1.28768-001, same data, 130-150 mm SL; 7, AMS 
1.37417-001, same data. 55-265 mm SL. (= type species of 
Ariopsis Gill, based on Arius milberti Valenciennes, a junior 
synonym of felis Linnaeus). 

Arius froggatti Ramsay and Ogilby, 1886 - 28 specimens 
examined (Kailola 1990) including holotype (AMS B.9936, 244 
mm SL)* from localities ranging between the Digoel River to 
Kerema Bay in southern New Guinea and the Roper River system 
and coast, northern Australia. (= type species of Cinetodus 
Ogilby). 

Arius fuerthii Steindachner, 1877 - 2, GCRL V79:16684, 
Jiquilisco Bay, El Salvador, 157-159 mm SL; 3, GCRL 
V79:16699, same data, 136-160 mm SL; I, GCRL V79:16693, 
same data, 170 mm SL; 1, LACMNH 31310-27, Panama, 193 
mm SL*; 25, GCRL V79: 16688, EL Salvador, 115-148 mm 
SL*. 

Ancharius fuscus Steindachner, 1880 - 3, NMHN1966-897, 
Madagascar, freshwater, 100-140 mm SL. (= type species of 
Ancharius Steindachner). 

Pimelodus gagora Hamilton, 1822 - I, AMS B.7706, Calcutta, 
India. Day's Collection, 192mmSL*; 1, ANSP 87532, Bombay, 
154 mm SL; 4, CAS SU 33795, Rangoon, Burma, 110-208 mm 
SL; 2, UMMZ 208352, Bangladesh, 122-137 mm SL; 2, UMMZ 
V74-172, Vietnam, 110-121 mm SL; I, UMMZ V74-171, 
Vietnam, 81 mm SL; 1, UMMZ V74-57, Vietnam, 123 mm SL. 
Bagrus genidens Valenciennes, 1840 - 1, AMS 1.2630, Brazil, 
149 mm SL*; 4, MCZ 27275, no data, 122-181 mm SL; 4, ANSP 
121228, Brazil, 85-97 mm SL; 2, ANSP 121581, Brazil. 115- 
223 mm SL; 1, MCZ no number, Rio de Janeiro (skeleton). (= 
type species of Genidens Castelnau). 

Galeichtliys gilberti Jordan and Williams, in Jordan, 1895 - 

4, CAS SU 11666, 11667*, 11668 (3 lots), Sinaloa, Mexico, 
163-280 mm SL, paratypes; 1, LACMNH W58-36, no data, 228 
mm SL, holotype?*. 


Tachysurus (Pararius) godfreyi Whitley, 1941 - 1, AMS 
1.5270, Port Darwin, 305 mm SL, holotype*. 

Arius goniaspis Bleeker, 1858 - 1, BMNH 1863.12.11:159, 
Sumatra, 73 mm SL, syntype*. 

Arius graeffei Kner and Steindachner, 1866 - 453 specimens 
examined (Kailola 1990) including the holotype (NMW 67 152, 
253 mm SL)* from localities between Jamoer Lake and Goldie 
River, southern New Guinea, and the Abrolhos Islands (western 
Australia) to the Hunter River (eastern Australia) 

Arius grandicassis Valenciennes, 1840 - 1, USNM, 214876, 
HL 90 mm (skeleton)*; 3, GCRL V81:17226 (in part), Surinam, 
156-237 mm SL. (= type species of Notarius Gill) 

Arius guatemalensis Giinther, 1864 - 5, GCRL V71:6501, 
Oxaca, Mexico, 55-130 mm SL*; 1, GCRL V70:5021, El 
Salvador, 50 mm SL*. 

Arius hainesi Kailola, 2000 - 34 specimens examined (Kailola 
2000) including types (NTM S. 11507-001. 304 mm SL, 
holotype; AMS 1.25995-001, 204 mm SL, paratype; QM 
1.22657, 228 mm SL, paratype; AMS 1.27414-001,237 mm SL, 
paratype; USNM 288553, 135 mm SL. paratype; AMS 1.25996- 
001, 136 mm SL, paratype; CS1RO C.3799, 187 mm SL, 
paratype; NTM S.10190-002, 2 specimens, 88-88 mm SL, 
paratypes; CS1RO H.4545-01, 2 specimens, 120-126 mm SL. 
paratypes; CSIRO H.4937-03, 223 mm SL, paratype; CSIRO 

H. 5252-01, 2 specimens. 210-234 mm SL, paratypes)* from 
localities from the Kamora River to Oreke River in southern 
New Guinea and Darwin to the Gulf of Carpentaria in northern 
Australia. (= type species of Amissidens n. gen.). 

Arius hamiltonis Bleeker, 1846 - 5, (possibly including 
syntype(s): Kailola 1990), RMNH 6895 (in part). East Indies 
Archipelago, 150-260 mm SL*. 

Arius liardenbergi Kailola, 2000 - 6 specimens examined 
(Kailola 2000) including types (WAM P.29966-001, 260 mm 
SL, holotype; NCIP 436, 254 mm SL, paratype; AMS 1.29291- 
001, 2 specimens, 60-75 mm SL, paratypes; QM 1.26088, 56 
mm SL, paratype)* from localities between the Vogelkopf 
Peninsular and Fly River mouth, southern New Guinea. 
Hemiarius harmandi Sauvage, 1880a - 1, MNHN 2390, lie 
de Phu-Quoc (Gulf of Siam), 122 mm SL. holotype*. 
Hexanematichthys henni Eigenmann, 1922 - 3, CAS SU60620, 
Ecuador, 113-136 mm SL, holotype and paratype*. 

Silurus herzbergii Bloch, 1794 - 9, GCRL 9591-1, Trinidad, 
58-193 mm SL*. (= type species of Selenaspis Bleeker). 
Arius hypophthalmus Steindachner, 1877 - 2, USNM 76827, 
Panama. 195-197 mm SL*; 2, USNM 293275, Panama, 168- 
184 mm SL*; 2, CAS SU 7020, Panama, 188 -200 mm SL; 12, 
LACMNH W58-32, Mexico, 210-262 mm SL*. (= type species 
of Cathorops Jordan and Gilbert). 

Arius insidiatar Kailola, 2000 - 4 specimens examined (Kailola 
2000), all types (NTM S. 11189-001.350 mm SL, holotype; AMS 

I. 28960-001, 282 mm SL, paratype; KFRS FO3302/AMS 
1.30111.001, 188 mm SL, paratype; KFRS F.5526-01,270 mm 
SL, paratype)* from the Fly River to Gulf of Papua in New 
Guinea and east of Darwin in the Northern Territory. 
Potamarius izabelensis Hubbs and Miller, 1960 - 1, USNM 
134348, Lake Ysabel, Guatemala, 213 mm SL, paratype; 2, 
UMMZ 177252, Lake Ysabel, 45 -51 mm SL (mouth juveniles). 
Pimelodus jatius Hamilton, 1822 - 1. AMS B.7997, Burma, 
Day’s Collection, 159 mm SL*; 3, AMNH 17805, Monywa, 
Chindwin River, Burma, 144-149 mm SL*. 
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Arius jella Day, 1877 - 1, ANSP 74831 (part), 72 mm SL: 1, 
ANSP 77252, Rangoon, Burma, 109 mm SL. 

Arius kanganamanensis Herre, 1935 - 1, CAS (SU)24450, 
Kanganaman, New Guinea, 176 mm SL, paratype*. 

Arius kessleri Steindachner, 1877 - 16, LACMNH unregistered, 
Panama, 54-412 mm SL; 1, USNM 214861, Mexico (skeleton)*; 
1, USNM 214862, Pacific coast of Colombia, 135 mm SL 
(skeleton)*. 

Hagrus laevigatus Valenciennes, 1840 - I. MNHN B.710. Mer 
Rouge, 129mm SL, type*. 

Arius latirostris Maclcay, 1884 - 91 specimens examined 
(Kailola 1990) including syntypcs (AMS 1.9072, 450 mm SL; 
AMS 1.9073, 440 mm SL; AMS 1.9074, 435 mm SL: AMS 
1.9127, 138 mm SL)* from localities from the Vogelkopf 
Peninsular to Lakckamu River, southern New Guinea. 

Arius layardi Gunther, 1866 - 3, LACMNH 38132-63 (in part), 
mouth of Turshian Creek, Sind. Pakistan, 118-128 mm SL*; 1, 
LACMNH 38126-20, Karachi fish market, Sind, Pakistan, 172 
mm SL*; 7, LACMNH 38136-60, south of Hajambro Creek 
mouth, Sind. Pakistan, 149-185 mm SL*. 

Arius leiotetocephalus Bleekcr, 1846 - 1, NMV 45964. East 
Indies Archipelago, 255 mm SL, syntype*. 

Hexanematichthys leplaspis Bleeker, 1862 - 174 specimens 
examined (Kailola 1990) including the holotype (RMNH 3060, 
204 mm SL)* from localities from Aru Islands, Lorentz River 
to Vailala River, southern New Guinea and Wyndham to Archer 
River, northern Australia. 

Arius leptonotacanthus Bleeker, 1849 - I, BMNH 
1863.12.4:114, Madura, Indonesia, 195 mm SL, holotype*; 1, 
QM 1.25782, Tanjung Priok, Jakarta, 245 mm SL*; 2, AMS 
1.41722-001, Paknatn fish market. Samutprakan, Thailand, 174— 
188 mm SL*; 1, MCZ 23707. Penang, Malaya, 169 mm SL. 
Tachysurus liropus Bristol in Gilbert, 1897 - 3, CAS SU324, 
Mexico, 156-190 mm SL, paratypes*. 

Arius lunisculis Valenciennes, 1840 - 4, MCZ 7643, Bahia, 
Brazil, 162-192 mm SL*; 1, MCZ 7682, Cannavienias, Brazil, 
212 mm SL*; I, MCZ no number (skeleton)*; 1, AMS 1.2624, 
Brazil, 191 mm SL*. (= type species of Aspistor Jordan and 
Evermann). 

Arius macrocephalus Bleeker, 1846 - I *, BMNH 1863.12.4:78, 
Batavia, 308 mm SL, cotype*. 

Arius macronotacanthus Bleeker, 1846 - I, BMNH 
1863.12.4:59, Batavia, Java, 180 mm SL, syntype*; 1, RMNH 
6901, Batavia fish market, Java, 232 mm SL, syntype*; 1, MZB 
N1P434, Pontianak, Borneo, LON stn 5 (00°05’N, llF'OO’E), 
106 mm SL*; 3, CAS SU 32707, Pinang, Malaysia, 148-240 
mm SL; 4, UMMZ 214626, MRT#61. Truong Binh. Vietnam, 
80-84 mm SL; 8, UMMZ 214629, V#66, Truong Binh, Vietnam, 
49-69 mm SL; 5, LACMNH 38135-36, Hajambro Creek, Sind, 
Pakistan, 150-275 mm SL*. 

Hemipimelodus macrorhynchus Weber, 1913 - 13 specimens 
examined (Kailola 1990) from localities between the Digoel 
River and Purari River, southern New Guinea. 

Silurus maculatus Thunberg, 1792 - I, MZB 2102, Belukang, 
Lampung Selatan, 135 mm SL*; I, MZB N1P478, Kupang, 
Timor, LON stn 6, 232 mm SL*; I. MZB N1P435, Pontianak, 
Borneo, LON stn 7. l07mmSL*; 1,AMNH95I7, Borneo, 106 
mm SL*; 1, AMS B.7924. Java, Day’s Collection, 221 mm SL; 
1, NMV 45948, East Indies Collection, Bleeker Collection A. 
159 mm SL; 1, UMMZ 214646, V74-2A, Vietnam, 45 mm SL; 
I, ANSP61573-77 (part), Paknam,Thailand, 94 mm SL; 1, MCZ 


30904, Jakarta, Indonesia, 78 mm SL*; 2, ANSP 60717, 
Bangkok, Thailand, 118-130 mm SL; 1, ANSP 60718 mm SL, 

119 mm SL; 1, ANSP 60735-36 (part), Paknam, 90 mm SL; 4, 
ANSP 106800, Baram, Borneo, 41-190 mm SL*: 2, ANSP 
61568-72 (part), Bangkok, Thailand, 40-41 mm SL; 1, 
LACMNH 38126-21, SL not recorded*. 

Arius madagascariensis Vaillant, 1894 - 1, MNHN 1960-236, 
Region de l’Est, freshwater?, Madagascar, 140 mm SL*; 1, 
MNHN 1922-168, Ambatomainty, province de Maevetanana 
(Riviere Mahavavy), Madagascar, 61 mmSL*; l.AMNH 17454, 
Madagascar, 192 mm SL*. 

Arius magatensis Herre, 1926 - 1, CAS SU29983, Cagayan 
Province at Aparri, Philippines, 129 mm SL*; 2, SU 13650. 
data not recorded, 260-350 mm SL. 

Arius manillensis Valenciennes, 1840 - 17, ANSP 98261, 
Manila, Philippines, 83-247 mm SL*; 1, ANSP 79490. Orion, 
Luzon, Philippines, 136 mm SL; 2, ANSP 79565, San Fernando, 
Luzon, Philippines, 187-192 mm SL; 1, ANSP 77368, 
Philippines, SL not recorded; 8, ANSP 49274-81, Philippines, 
102-193 mm SL: 1. ANSP 123297, Manila Bay, Philippines, 
246 mm SL; 6 lots, USNM, "Albatross' material, 239-374 mm 
SL; I, CAS SU35083. Manila, SL not recorded (skeleton)*; 13, 
ANSP 77367, Philippines, 97-114 mm SL*; 1, ANSP 98259, 
Laguna de Bay. Philippines, 221 mm SL. 

Silurus marinus Mitchill, 1815 - 2, AMS 1.29294-001, Ship 
Island, Biloxi. Mississippi, 79-122 mm SL*; I. UMMZ200576, 
Guatemala, 365 mm SL (skeleton)*; 3, AMS 1.37416-001, Horn 
Island, Mississippi, 73-102 mm SL; 1, LACMNH 32599-3, no 
data, 305 mm SL (skeleton)*. (= type species of Ailurichthys 
Baird and Girard). 

Arius mastersi Ogilby, 1898 - 25 specimens examined (Kailola 
1990) including the holotype (AMS 1.25690-001,243 mm SL)* 
from localities between Mcrauke and Galley Reach in southern 
New Guinea and Derby and Cape York in northern Australia. 
Twelve paratypes of Tachysurus (Pararius) berneyi (AMS 
1.8077-1.8088, 79-116 mm SL) are also specimens of Arius 
mastersi. 

Netuma mazatlana Gilbert, 1904 - 1, CAS SU7138, Mazatlan, 
Sinaloa. Mexico, 227 mm SL, holotype*. 

Arius melanochir Bleeker, 1852 - I, BMNH 1863.12.4:68, no 
data, 152 mm SL, type*; 2, CAS 49426 (in part), Sintang market, 
Kapuas, Borneo, 166-189 mm SL*; 3, USNM 230311, same 
data, 178-246 mm SL*. (= type species of Cephalocassis 
Bleeker) 

Arius microceplialus Bleeker, 1855 - I, BMNH 
1863.12.11:149, no data, 108 mm SL, syntype*; 2, unregistered. 
Can Tho market. Vietnam, 148-161 mm SL*; 2. UMMZ V74- 
36, Mekong River channel, Vietnam, 100-118 mm SL*. 

Arius microstomus Nichols, 1940 - I, AMNH 20929, Bernhard 
Camp, Idenberg River, New Guinea, 74 mm SL, paratype*. 
Arius midgleyi Kailola and Pierce, 1988 - 82 specimens 
examined (Kailola 199) including types (AMS 1.20858-006,270 
mm SL, holotype; AMNH 57454, 99 mm SL. paratype; AMNH 
57454SW (in part), 106 mm SL, paratype; NTM S. 11800-001, 
325 mm SL, paratype; WAM P.25597-001, 348 mm SL, 
paratype; WAM P.25708-001, 224 mm SL, paratype; ZMA 
119.467. 244 mm SL, paratype; WAM P.28776-001, 167 mm 
SL, paratype; WAM P.21338-002, 4 specimens, 133-161 mm 
SL, paratypes)* from localities between the Fitzroy River and 
South Alligator River, northern Australia. 

Silurus militaris Linnaeus, 1758 - 1, MZB NIP503. Tanjung 
Sentani, LON stn 3, 121 mmSL*; I, LACMNH 38131-46, from 
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20 kilometres south of Paitiani Creek. Sind, Pakistan, 240 mm 
SL*; 1, LACMNH 38134-50, off Hajambro Creek mouth, Sind, 
Pakistan, 205 mm SL*; 1, LACMNH 38135-33, lower 10 
kilometres of Hajambro Creek, Sind. Pakistan. 157 mm SL*; I, 
AMS 1.29295-001, Pabean, Surabaya, 1980, 285 mm SL*; 1, 
NMV 45847, East Indies Collection, Bleeker Collection A, SL 
not recorded; 1, NMV 46593, East Indies Collection, Bleeker 
Collection A, SL not recorded; 1, NMV 46594, East Indies 
Collection. Bleeker Collection A, SL not recorded; 1, UMMZ 
V74-42, Vietnam, 92 mm SL; 14, UMMZ V#66, Truong Binh. 
Vietnam, 44-149 mm SL; I, UMMZ V#62, Truong Binh, 
Vietnam, 157 mm SL; 1, ANSP 74828, off Bombay, 142 mm 
SL; 1, ANSP 77140, same data. 127 mm SL. (= type species of 
Osteogeneiosus Bleeker) 

Ageneiosus mino Hamilton, 1822 - 1, LACMNH 38116-35, 
Karachi fish market. Sind, Pakistan. 245 mm SL*; 1, LACMNH 
38132-62, mouth of Turshian Creek, Sind, Pakistan, 225 mm 
SL*; 1, NMV 46019, East Indies Archipelago, Bleeker 
Collection A, SL not recorded. (= type species of 
Batrachocephalus Bleeker, based on ageneiosus Bleeker, a 
junior synonym of mino Hamilton). 

Anns nasulus Valenciennes, 1840 - 1. MNHN A.9407, Malabar, 
740 mm SL, syntype*; 1, MNHN A.9408, same data, 650 mm 
SL, syntype*. 

Pimelodus nella Valenciennes, 1840 - 46 specimens examined 
(Kailola 1990) from localities between Vietnam and the Gulf of 
Papua, southern New Guinea and northern (Melville Island) to 
north-eastern (Cleveland Bay) Australia. 

Conorhynchos nelsoni Evermann and Goldsborough, 1902 - 
1. USNM 50001, Rio Usumacincta, Yucatan, 327 mm SL, type*; 
1, UMMZ 198713, Rio de la Pasion, Guatemala, 480 mm SL 
(skeleton)*; 1, UMMZ 143498, Yalac Lake, Guatemala, 195 mm 
SL*; 1. UMMZ 143497, lower Rio Chajchini. Guatemala, SL 
not recorded; 1, UMMZ 19872, no data (skeleton)*; 1. UMMZ 
28079, no data (skeleton). (= type species of Potamarius Hubbs 
and Miller). 

Pimelodus nenga Hamilton, 1822 - 5, LACMNH 38132-64, 
Pakistan, 99-120 mm SL. 

Bagrus netuma Valenciennes, 1840 - 1, MNHN A.9345, 
Pondicherry, 400 mm SL. holotype. 

Doiichthys novaeguineae Weber, 1913 - 7 specimens examined 
(Kailola 1990) including syntypes (ZMA 104.122 (in part), 85- 
103 mm SL)* from localities between the Varen River and Purari 
River delta, southern New Guinea. (= type species of Doiichthys 
Weber) 

Arius (Brustiarius) nox Herre, 1935 - 52 specimens examined 
(Kailola 1990) including 11 paratypes (FMNH 17196, 176 mm 
SL; FMNH 17197, 174 mm SL; FMNH 17198, 208 mm SL; 
FMNH 17199, 163 mm SL; FMNH 17200, 149 mm SL; 
CAS(SU) 24452. 3 specimens, 163-171 mm SL; CAS(SU) 
24451, 2 specimens, 162-208 mm SL; CAS(SU) 69115, 153 
mm SL)* from the Sepik and Ramu river systems of northern 
New Guinea. (= type species of Brustiarius Herre). 

Arius nudidens Weber, 1913 - 1. MZB 129, Lorentz River, New 
Guinea, 67 mm SL, syntype*; 1. ZMA 111.507. Lorentz River, 
New Guinea, 183 mm SL, syntype*. 

Arius oetik Bleeker, 1846 - 1, NMV 45987, East Indian 
Archipelago, Bleeker Collection A, 146mmSL*; l.MZB 1465, 
Sunda Strait, Palimbang, 125 mm SL*; 4, AMS 1.28767-001, 
Songkhla market, probably from Songkhla Lake (brackish 
water),Thailand, 107-134 mm SL*; 16, AMS 1.37421-001, same 
data, 109-163 mm SL; 1, AMS 1.27635-002, Malaysia, 160 mm 
SL. 


Hemipimelodus papillifer Herre, 1935 - 1. FMNH 17212, 224 
mm SL, paratype*; 1. CAS (SU)24453, 223 mm SL, paratype*, 
both from Marienberg, Sepik River, northern New Guinea. 
Aelurichthys panamensis Gill, 1863 - 1. UMMZ 177343-S, 
250 mm SL (skeleton)*; 10, LACMNH W55-140, Baja, Mexico, 
115-220 mm SL; 1, GCRL V79:16523, Jiquitisco Bay, El 
Salvador, 102 mm SL: 1, GCRL V79:16519, same data, 100 
mm SL; 1, USNM 214852, Colombia, 80 mm SL (skeleton)*; 
1, GCRL V79; 16675, Jiquilisco Bay, El Salvador, 139mmSL*; 
1. LACMNH 33806-128, Costa Rica, Puntarenas, 186 mm SL 
(skeleton)*; 1, LACMNH 33806-127, Costa Rica, Puntarenas, 
196 mm SL*. (= type species of Anemanotus Fowler) 

Silurus parkeri Traill, 1832 - 1, USNM 273376, no data 
(skeleton)*; 1. USNM 215204, Brazil, SL not recorded. 

Arius parvipinnis Day, 1877 - 1, ANSP 7483 I (part), Bombay, 
124 mm SL*. 

Ariuspaucus Kailola, 2000 - 20 specimens examined (Kailola 
2000) including types (QM 1.12910, 326 mm SL, holotype; QM 
1.12757. 310 mm SL, paratype; QM 1.16730, 2 specimens, 315- 
329 rnm SL. paratypes; QM 1.11364, 205 mm SL, paratype; AMS 
1.25315-001, 171 mm SL, paratype; QM 1.11990, 146 mm SL, 
paratype; QM 1.16735, 240 mm SL, paratype; QM 1.16738, 2 
specimens, 327 mm SL and 152 mm HL, paratypes; NTM 
S. 12070-001, 2 specimens, 298-315 mm SL, paratypes; QM 
1.16737, 310 mm SL, paratype; NTM S. 12083-001, 331 mm 
SL, paratype; CAM F.35, 257 mm SL. paratype; CAM F.36, 
273 mm SL, paratype) from localities between the Roper River 
system and Cape York, northern Australia. 

Arius pectoralis Kailola, 2000 - 28 specimens examined 
(Kailola 1990) including types (AMS 1.27415-001,226 mm SL, 
holotype; NTM S.13004-001, 127 mm SL, paratype; CSIRO 
A.3608, 112 mm SL. paratype; CSIRO A.3609, 117 mm SL, 
paratype; CSIRO A.3610, 116 mm SL, paratype; QM 1.14917, 
105 mm SL, paratype; NTM S.10254-001, 2 specimens, 95- 
101 mm SL. paratypes; NTM S. 10319-003, 56 mm SL, paratype; 
NTM S. 10235-001, 90 mm SL, paratype; NTM S.11507-004, 
145 mm SL. paratype; CSIRO H.5174-07, 4 specimens, 165— 
180 mm SL, paratypes; CSIRO H.4937-02, 220 mm SL, 
paratype) from localities ranging from the Kamora River to 
Kcmpwelch River in southern New Guinea and Darwin to the 
Chapman River in northern Australia. 

Pimelodus peronii Valenciennes, 1840 - 1, MNHN 1207, 
‘Terres australis’, 113 mm SL, holotype*. 

Galeichthysperuvianus Liitken, 1874 - I. AMNH 7939, Peru, 
208 mm SL*; 1, USNM 36929, Callao Bay, Peru(?), SL not 
recorded. 

Pseudarius philippinus Sauvage, 1880 - 1, MNHN A.2615, 
Lake Laglaizc, Luzon, Philippines, 103 mm SL, type*. 

Arius pidada Bleeker, 1846 - 1, BMNH 1863.12.4:57, East 
Indies, 190 mm SL. syntype*; 5, RMNH 6900, East Indies, 117- 
232 mm SL, syntypes*; 1, AMS B.7965. Java, Day’s Collection, 
152 mm SL, syntype*. 

Ariusplaniceps Steindachner, 1877 - I. USNM 264834, Pacific 
Colombia, 80 mm HL (skeleton)*. 

Netuma planifrons Higuchi, Reis and Araujo, 1982 - 5, MCZ 
58691, Rio do Sul. Brazil, 65-138 mm SL. paratypes; 1, MCZ 
58691, Lagoa dos Patos, Rio Grande, Brazil, 138 mm SL, 
paratype*. 

Arius platypogon Gunther, 1864 - 7, LACMNH W52-252, 
Mexico, 196-359 mm SL; I, USNM 214882, Colombia, SL not 
recorded*; 1, GCRL V84:21668, Panama, 132 mm SL*; 1, 
GCRL V67:2217, Panama Pacific coast, 218 mm SL*. 
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Ariuspolystaphylodon Bleeker, 1846 - 28 specimens examined 
(Kailola 1990) including a syntype (BMNH 1863.12.4:98, 
123mm SL)* from localities from Borneo (Sabah), Java, Bali 
and Humboldt Bay to the Ramu River in northern New Guinea. 
Bagrus proops Valenciennes, 1840 - 1, USNM 264836, north¬ 
eastern South America, SL not recorded (skeleton)*; 1, USNM 
214860, same data?, SL not recorded (skeleton)*; 1, CAS 64043, 
no data (skeleton), 400 mm SL*. 

Ariusproximus Ogilby, 1898 - 61 specimens examined (Kailola 
1990) including the holotype (AMS 1.25691-001.338 mm SL)* 
from localities from the Am Islands, Gulf of Papua to Lakekamu 
River (southern New Guinea) to Withnell Bay and Newcastle 
(Australia). (= type species of Pararius Whitley, 1940). 

Arius quadriscutis Valenciennes, 1840 - 1, USNM 215201. 
Brazil. 115 mm HL (skeleton)*; 1, MCZ 30097, Georgetown, 
Guyana, 310 mm SL*; 1. LACMNH 42611-25, Manaos. Brazil, 
279 mm SL*. 

Arius robertsi Kailola, 1990 - 7 specimens examined (Kailola 
1990a) including types (AMS 1.27087-001, 353 mm SL, 
holotype; USNM 217077, 325 mm SL, paratype; KFRS F.4682- 
01, 350 mm SL, paratype)* from localities between the upper 
Fly River and the upper Purari River, southern New Guinea. 
Arius rugispinis Valenciennes, 1840 - 1, MCZ 30101, 
Georgetown. Guyana. 235 mm SL*; 2, MCZ 7720, Para, Brazil, 

186-224 mm SL*. 

Pimelodus sagor Hamilton, 1822 - 5, AMS 1.41724-001, 
Songkhla market, caught in Songkhla Lake, Thailand, 185-198 
mm SL*; 1, ZMB 31875, same data, 183 mm SL*; 3, CAS SU 
27734, Sandakan, north Borneo, 143-233 mm SL*; 3, MZB 
NIP3831, Muarakarang, Jakarta, LON stn 8, 64-68 mm SL; 5, 
MZB 1470. Gulf of Banten. west Java, 55-120 mm SL*: 1, MZB 
NIP3830. Muarakarang, Jakarta, LON stn 4, 86 mm SL*; 1, 
AMNH 9293, Sumatra, 92 mm SL*; 7, CAS SU 29454, 
Sandakan, north Borneo, 48-52 mm SL*; 3, CAS SU32709, 
Tawau, north Borneo, 180-212 mm SL*; 1, ANSP 91825. 
Borneo, 250 mm SL; I, ANSP 91824, Borneo, 241 mm SL; 1, 
ANSP 136677, Borneo, 120 mm SL; 1, ANSP 91823, Borneo, 
250 mm SL; 1. ANSP 86187, Singapore, 220 mm SL; 1, UMMZ 
155782, Java, 1929, SL not recorded; 1, UMMZ 55783, Java, 
SL not recorded; 1, AMS B.8017, Moulmein, Burma, Day’s 
Collection, 200 mm SL; I, NMV 46559, East Indies 
Archipelago, Bleeker Collection A, SL not recorded; I, MCZ 
7714 (part), Penang, Malaysia, 141 mm SL; AMS IA.3226, 
Malaysia, 69 mm SL. (= type species of Ilexanematichtliys 
Bleeker, based on sondaicus Valenciennes, a junior synonym 
of sagor Hamilton). 

Arius sagoroides Hardenberg, 1941 - 1, NCIP 516, Oetokwa 
River mouth, southern New Guinea, 242 mm SL, probable 
syntype* (Kailola 1990). 

Arius satparanus Cbaudhuri, 1916 - 2, LACMNH 38136-59, 
Hajambro Creek, Pakistan, 130-168 mm SL; 6, LACMNH 
38131-47, same data, 108-146 mm SL; 2, LACMNH 38134- 
31, same data, 115-126 mm SL; 4, LACMNH 38133-69, same 
data, 108-128 mm SL; 3, LACMNH 38314-46. Baluchistan, 
Sonmiani Bay, 215-240 mm SL: 3, LACMNH 38313-53, same 
data. 208-238 mm SL; 13, LACMNH 38130-80, Sind, Pakistan, 
106-185 mm SL. 

Arius schlegeli Bleeker, 1863 - I. AMS B.8I23, Amoy, China, 
178 mm SL, cotype*; 3, RMNH 3032 (in part), Amoy, China, 
142-237 mm SL (material identified by Bleeker (1863) as 
conspecific). 

Arius sciurus Smith, 1931 - I. USNM 90310, Tapi River, 
Thailand, 202 mm SL, holotype*. 


Arius seemanni Gunther, 1864 - 8, GCRL V70:5113, 03°49’N, 
77° 1 r W, Colombia, 88-119 mm SL*; 1, USNM 79377, no data, 
SL not recorded. 

Arius serralus Day, 1877 - 1*, AMS B.7971. Sind. 128 mm 
SL*. 

Arius (Brustiarius) solidus Herre, 1935 - 150 specimens 
examined (Kailola 1990) including 17 paratypes (FMNH 17202, 
189 mm SL; FMNH 17203, 175 mm SL; FMNH 17204, 154 
mm SL; FMNH 17205. 150 mm SL; FMNH 17206, 185 mm 
SL; FMNH 17207, 197 mm SL; FMNH 17208, 185 mm SL; 
CAS(SU) 24445, 4 specimens, 135-191 mm SL; CAS(SU) 
24444, 5 specimens, 140-234 mm SL; CAS(SU) 24447, 224 
mm SL)* from Mambcramo, Idenberg, Sepik and Ramu river 
systems of New Guinea. 

Pimelodus sona Hamilton, 1822 - 1. AMS B.7953, Calcutta, 
India, Day’s Collection, 280 mm SL*; 2, LACMNH 38130-81, 
20 kilometres south of Paitiani Creek, Sind, Pakistan. 188-234 
mm SL*; I. LACMNH 38133-71, 3-4 kilometres west of 
Turshian Creek mouth, Sind, Pakistan, 162 mm SL*; 1, AMS 
IA.2663, Bandar, Maharani, Johor state, Malaya, tank specimen. 
SL not recorded; 1, MCZ 23739, Singapore?, 214 mm SL; 1, 
MCZ 7723 (part). Hong Kong, 215 mmSL; 3, MCZ 7714 (part), 
Penang, Malaysia, 185-236 mm SL; 2, USNM 149731, 
Travanacore, India, 86-111 mm SL; 1, ANSP 77127, off 
Bombay, 85 mm SL; 1, ANSP 74890, off Bombay, 93 mm SL; 
3, ANSP 74851, Calcutta, 44-57 mm SL. 

Arius spatula Ramsay and Ogilby, 1886 - 18 specimens 
examined (Kailola 1990) including the holotype (AMS B.9937, 
255 mm SL)* from localities ranging between the Lorentz River 
and the Lakekamu River, southern New Guinea. (= type species 
of Coclilefelis Whitley). 

Pimelodus spixii Agassiz, 1829 - I. MCZ 114, no data, 164 
mm SL*. 

Tachysurus steindachneri Gilbert and Starks, 1904 - 1, CAS 
SU 7027, Panama, 205 mm SL, paratype*; I, CAS SU 7026, 
Panama, 166 mm SL*; 2, AMNH 32448, Santa Rosa, Guatemala, 
148-155 mm SL*. 

Cephalocassis stormii Bleeker, 1858 - 1, RMNH 6893, 
Sumatra?, 340 mm SL, syntype*; I, BMNH 1863.12.4:65, 
Sumatra, 280 mm SL, syntype*; 1, CAS 49427, Kapuas River 
basin, Borneo, 393 mm SL*; 1, USNM 230312, Sintang market, 
Kapuas River basin. Borneo. 288 mm SL*; 1, UMMZ 214619, 
Mekong River channel, My Tho, Vietnam, 99 mm SL; 4, 
LACMNH 38131-50, Sind, Pakistan, 147-270 mm SL*; 1, 
UMMZ 155676, Palentbang, Sumatra, 221 mm SL*; 1, ANSP 
88953, Medan, Sumatra, 36 mm SL; 12. ANSP 60720-32 (part), 
Bangkok, Thailand, 62-73 mm SL*; 1, UMMZ 214611, 
Vietnam, 136 mm SL; I, UMMZ 214609, Vietnam. 268 mm 
SL; 2, ANSP, data not recorded, 81-82 mm SL*. (= type species 
of Hemiarius Bleeker). 

Arius stricticassis Valenciennes, 1840 - 1, MCZ 7717, 
Maranhao (S. Luis), Brazil, 219 mm SL; I, MCZ 7639, Bahia 
(Salvador), Brazil, 188 mm SL; 1. MCZ 7640, Bahia (Salvador), 
Brazil, 129 mm SL. 

Arius subrostratus Valenciennes, 1840 - 1, AMS B.7610, 
Canara. India, Day’s Collection, 275 mm SL*; I.AMS B.7611, 
same data, 157 mm SL; 1, MCZ 4275, Canara, India, 170 mm 
SL; 1, MCZ 4275, Canara, India, 170mmSL; 1, USNM 149730, 
Travancore, India, 152 mm SL. 

Hemipimelodus taylori Roberts, 1978 - 7 specimens examined 
(Kailola 1990a) including types (AMS 1.27087-001, 353 mm 
SL, holotype; USNM 217077, 325 mm SL, paratype; KFRS 
F.4682-01, 350 mm SL, paratype)* from localities between the 
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upper Fly River and the upper Purari River, southern New 
Guinea. 

Arius tenuispinis Day, 1877 - 1, MCZ 59239. Khor A1 Sabiya, 
Kuwait, 130 mm SL; 1, UMMZ unregistered, V74 stn 9A#98, 
225 mm SL (brooding male); 1, UMMZ 214637, Vietnam, 122 
mm SL; 4, LACMNH 38129-93, off mouth of Korangi Creek, 
Sind, Pakistan, 131-160 mm SL*. 

Netuma thalassina jacksonensis Whitley, 1941 - 1, AMS 
1.10095, Port Jackson, 293 mm SL, holotype*. 

Bagrus thalassinus Riippcll, 1837 - 132 specimens examined 
(Kailola 1990) from localities from Ethiopia to Sydney Harbour, 
Australia*. (= type species of Netuma Bleeker, based on 
netuma Valenciennes, a junior synonym of thalassinus 
Rtippell). 

Arius tonggol Bleeker, 1846 - 1, BMNH 1863.12.4.56, ‘East 
Indies’, 285 mm SL, syntype*. 

Sciades troschelii Gill, 1863 - 4, LACMNH W58-38, Mexico, 
133 mm SL*; 1. USNM 214858, Mercado, Pacific Colombia, 
SL not recorded; 1, USNM 214864, Pacific Colombia, 100 mm 
HL (skeleton)*; 1, CAS 12067, Mazatlan, Mexico, SL not 
recorded (skeleton)*. (= type species of Sciadeops Fowler). 
Arius truncatus Valenciennes, 1840 - I, MZB 2161, no data, 
185 mm SL*; 3, CAS 32710. Kuala Kangsar. Perak, Malaysia, 
185-224 mm SL*; 1, ANSP 61636, Sriraja, Thailand, 163 mm 
SL; 1, USNM 103185, Bangpakong River, Thailand, 266 mm 
SL*; 1, ANSP 60720-32 (part), Bangkok Thailand, 57 mm SL; 
3, USNM 103183, central Siam, 150-247 mm SL; I, UMMZ 
V74-57, Can Tho Island, Vietnam, 93 mm SL; 1, ANSP 59430, 
Bangkok, Thailand. 158 mm SL*; 1, ANSP 59468, Bangkok, 
Thailand, 55 mm SL; 1, ANSP 60719, Bangkok, 64 mm SL; I, 
ANSP61636, Sriraja, Thailand, 163 mm SL*; 2, AMS 1.28082- 
041 (part), Malaysia, 182-260 mm SL; 1, AMS 1.27635-001, 
Malaysia, 285 mm SL. (= type species of Cryptarius n. gen.). 
Ketengus typus Bleeker, 1847 - 1, BMNH 1863.12.4:112, no 
data, 188 mm SL. syntype*; 2, BMNH 1855.9.19:1110-1111, 
no locality, Haslar Collection, 78-mm SL*; 1, ZMA 119.360, 
Batu Pangal, Kutei (= Mahakkan) River, Borneo, 122 mm SL*; 
I, NMV 46234, East Indies Archipelago, Bleeker Collection A, 
SL not recorded; 5, ANSP 60704-8, Bangkok, Thailand, 35- 
130 mm SL*; I. ANSP 61539, Bangkok, 89 mm SL; l.ANSP 
59466, Bangkok, 58 mm SL. (= type species of Ketengus 
Bleeker). 


Arius utarus Kailola, 1990 - 103 specimens examined (Kailola 
1990a) including types (AMS 1.25406-001, 270 mm SL 
(holotype), RMNH 28814, 88 mm SL; ZMA 116.459, 250 mm 
SL; ZMA 116.460, 267 mm SL, RMNH 8001, 149 mm SL 
(syntype of Hemipimelodus velutinus Weber); AMS 1.25406- 
002, 2 specimens, 242-285 mm SL; WAM P.27846-001, 4 
specimens, 97-133 mm SL; WAM P.27847-010 (7); P.28224- 
00, 253 mm SL; QM 1.21674, 294 mm SL; SAM A F.6254, 176 
mm SL; CSIRO C.3532, 122 mm SL; CAS (SU) 68631, 198 
mm SL; CAS (SU) 28204, 218 mm SL; CAS (SU) 68882. 198 
mm SL; CAS 13482. 2 specimens, 215-280 mm SL; CAS 3481, 
380 mm SL; WAM P27847-009, 11 specimens, 84-118 mm SL; 
KFRS F.5517-01,2 specimens, 297-325 mm SL; NTM S. 11904- 
001, 2 specimens, 252-258 mm SL)* from localities between 
the Mamberamo River and the Ramu River, northern New 
Guinea. 

Hemipimelodus velutinus Weber, 1908 - 67 specimens 
examined (Kailola 1990) including syntypes (ZMA 112.656 (in 
part), 133-148 mm SL)* from localities between the 
Mamberamo River and the Ramu River, northern New Guinea. 
Arius venosus Valenciennes, 1840 - 1. MNHN 1205 (in part), 
Rangoon, Burma, 230 mm SL, syntype*; 1, MZB 098, Batavia. 
Java, 185 mm SL*; 1, ANSP 90521, Bombay, India, 280 mm 
SL; 4, CAS SU 27749, Sandakan, Borneo, 140-172 mm SL; 1, 
MCZ 7714 (part), Penang, Malaysia, 170 mm SL*; I, MCZ, 
4384, Bangkok, 240 mm SL; 1, AMS 1.28986-010, Malaysia, 
155 mm SL. 

Galeichthys xenauchen Gilbert in Jordan and Evermann, 
1898 - 1, CAS SU5821, Panama, 314 mm SL, type*. 

Arius species - 6, AMS 1.41721-001, Paknam market, 
Samutprakan,Thailand. 129-210 mm SL*; I, LACMNH 38128- 
47, Hawkes Bay, west of Karachi. Sind, Pakistan, 194 mm SL*; 

1, MCZ 27053 (part), Singapore, 237 mm SL*; I, USNM 52670, 
no data, 290 mm SL; 2, MCZ 7714 (part), Penang, Malaysia, 
208-215 mm SL; 1, ANSP 51335, Ceylon, Colombia, 1924, 34 
mm SL. 

Cathorops spp - 17, USNM 286395, off Surinam, 62-102 mm 
SL; 5 lots, USNM 214866-214872, Colombia to Brazil 
(skeletons)*; 1, LACMNH 33806-93, Costa Rica. 266 mm SL 
(skeleton)*; 5, GCRL V81:17226 (part), Surinam, 112-237 mm 
SL*; 3, GCRL V79U6676, Jiquilisco Bay, El Salvador, 121- 
142 mm SL. 
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APPENDIX B. Outgroup taxa examined. 

Bagridae - Bagrichthys macropterus , 1, dry skeleton, UMMZ 
201686-S, Thailand, 227 mm SL; Bagrus docmak, 1, dry 
skeleton, UMMZ 187332-S, Paraguay, SL not recorded; 
Chrysichthys auratus, 1, dry skeleton, UMMZ 210275-S, Egypt, 
176 mm SL; Mystus species, I. unregistered, Surabaya, Java, 
130 mm SL; Rita chrysea , 6, ex CAS 54540, Orissa Province, 
India; Rita kuturnee, 2, CAS 48798, Andrha Pradesh, India, SL 
not recorded, 2, CAS 34868, Maharastra Province, India, SL 
not recorded; Rita species, 1, CAS SU41044, Andrha Pradesh, 
India, SL not recorded; Rita rita, 11, CAS 34866, Hugli River, 
India. 

Callichthyidae - Brochis splendens , 1; Dianema longibarbis, 
I; Dianema urostriatum, 1. All bought from pet fish stores; SLs 
not recorded. 

Diplomystidae - Diplomystes chilensis, 1, CAS 45718, Chile; 
1, CAS SU23963, Chile. SLs not recorded. 

Doradidae - Anadoras grypus, 1, ex USNM 284601, Brazil, 
80mm SL; Pterodoras species, 1, ex USNM 257988, Venezuela. 
82 mm SL. 

Heptapteridae - Rhamdia laticauda, 1, ex USNM 114359, 
Guatemala, 101 mm SL; Rhamdia quelen, 1, dry skeleton, 
UMMZ 207348-S, Paraguay, SL not recorded. 


Ictaluridae - Ictalurus punctatus, 1, dry skeleton, UMMZ 
169030-S, Missouri, 265 mm SL; Noturus flavus, 1, dry 
skeleton, UMMZ 189178-S, Michigan, 232 mm SL; 1, dry 
skeleton, UMMZ 194599-S, Michigan, 148 mm SL; Pylodictus 
olivaris, I, dry skeleton, UMMZ 169029-S, Missouri, 434 mm 
SL. 

Loricariidae - Hypostomus plecostomus : information from 
Schaefer (1987). 

Mochokidae - Synodontis macrostigma, 1, dry skeleton, UMMZ 
200089-S, Kafue River, Zambia, 125 mm SL. 

Pangasiidae - Pangasius hypophthalmus, 1. Bought from a pet 
fish store; SL not recorded. 

Pimelodidae - Pimelodus blochii, 1, ex USNM 258185, 
Venezuela, 79 mm SL. 

Plotosidae - Neosilurus species, 2, unregistered, Kimberley 
area, NW Australia, 81 and 93 mm SL. 

Schilbeidae - Schilbe mystus, 1, dry skeleton. UMMZ 200154- 
S, Kafue River, Zambia, 170 mm SL. 

Siluridae - Ompok leiacanthus, 1, SL not recorded; Ompok 
miostoma, 1, SL not recorded; Parasilurus asotus, 1, dry 
skeleton, UMMZ 187595-S, Lake Biwa, Japan, 145 mm SL; 
Silurichthys phaiosoma, 1, SL not recorded (unregistered 
materia] bought from pet fish stores). 
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TAXONOMIC INDEX 


Bold and italic numerals indicate respectively species illustrations and the formal description of genera. 


A 

aaldereni, Hemipimelodus 146 
acrocephalus, Arms 126 
acutirostris, Arius 100, 116, 145 
acutus, Arius 142 
aeneus, Ariodes 140 
aequibarbis, Arius 139 
africanus, Arius 146 
agassizii, Cathorops 132 
Ageneiosus 118 

ageneiosus, Batrachocephalus 130 
Ailurichthys 129 
alatus, Arius 143 
albicans, Bagrus 144 
albidus, Pimelodus 132 
Amblycipitidae 98, 116 
Amissidens 87, 123, 125 
Anchariidae 94 
Ancharius 94, 95, 97, 110 
andamanensis, Arius 140 
Anemanotus 129 
angulalus, Arius 127 
aquadulce, Cathorops 132 
aqttilas, Lophiobagrus 94 
arafurensis, Arius 140 
arenarius, Ariodes 89 
arenarius, Arius 127,144 
arenatus, Cathorops 132 
argenteus, Pimelodus 144 
argyropleuron, Arius 141 
argyropleuron, Plicofollis 99, 102, 103, 
108, 109, 112, 115, 117, 118, 122, 

141 

Ariidae 87, 88, 89, 91, 93, 94, 95, 104, 
115, 117, 119, 121, 135 
Ariodes 116, 123, 126, 145 
arioides, Bagrus 132 
Ariopsis 121, 122, 123, 124, 125, 126, 
145 

Arius 123, 124, 126, 137, 145 
arius, Arius 89, 96, 101, 102, 104, 108, 
111, 127 

arius, Pimelodus 126 
artniger, Nemapteryx 97, 98, 102, 110, 
117, 118, 121, 122, 125, 134, 135, 
138, 139 

Aspistor 109, 111, 124, 128, 131, 137, 
142, 143 

Aspredinidac 94 
assimilis, Ariopsis 108, 112 
Astephus 99, 102, 104, 111, 114 
ater, Galeichthys 136 
atripinnis, Hemipimelodus 127 
atroplumbeus, Tachysurus 145 
Auchenipteridae 94, 104, 122 
Auchenipterus 118 

augustus, Nemapteryx 95, 114, 116, 118, 
119, 134, 136, 139 
australis, Arius 126 
azureus, Galeichthys 126 

B 

Bagre 97, 102, 105, 114, 116, 117, 118, 
123, 128, 131, 134, 140, 143 


bagre. Bagre 89, 97, 116, 117, 129, 135 
bagre, Silurus 128 
bagre, Slearopterus 128 
Bagrichthys 99 

Bagridae 94, 95, 98, 104, 113, 115, 121 
barhus, 89 

barbus, Guiritinga 100, 110, 119, 121, 

122, 126, 133, 143, 145 
barhus, Pimelodus 123 
Bathybagrus 99 

Batrachocephalus 101, 102, 104, 110, 
115, 118, 122, 123, 130, 131, 135, 
136, 138, 141 
belangerii, Arius 142 
bemeyi, Ariopsis 123, 126 
bernhardi, Hemipimelodus 131 
bicolor, Hemipimelodus 127 
bilineatus, Netuma 115, 117, 122, 129, 
140 

bleekeri, Nemapteryx 139 
blochii, Osteogeneiosus 141 
blochii, Pimelodus 116 
boakeii, Arius 127 
bonneti, Arius 144 

borneensis, Cephalocassis 95, 112, 114, 
115, 132, 135, 138 
borneensis, Hemipimelodus 89, 114 
borneensis, Pimelodus 132 
brandtii, Arius 144 
Breitensteinia 110 
brevibarbis, Ancharius 94 
Breviceps 129 
brevirostris, Arius 146 
broadbenti, Tachysurus 142 
Brochis 99 

Brustiarius 118, 124, 125, 129, 130, 
138, 140, 141, 145 
buchanani, Arius 127 
Bunocephalinae 94 

burmanicus, Cochiefelis 100, 117, 134, 
135 

c 

caelatoides, Arius 139 
caelatus, Arius 139 
caelatus, Tachysurus 139 
caerulescens, Arius 126 
Callichthyidae 99, 112 
cantoris, Osteogeneiosus 141 
capensis, Bagrus 136 
carchariorhynchos, Bagrus 140 
carinatus, Cinetodus 95, 102, 103, 106, 

112, 115, 117, 121, 122, 129, 133 
carolinensis, Mystus 129 
Catastoma 140 

Cathorops 97,99, 109, 110, 111, 112, 

113, 114, 117, 118, 119, 122, 123, 
124, 125, 129, 130, 131, 133, 136, 
138, 141, 142, 143, 145 

Cephalocassis 97, 115, 116, 117, 122, 

123, 124, 125, 131, 132, 134, 135, 
138, 139 

Cetopsidae 101 
Cetopsinae 115 
Chacidae 98, 114, 115, 122 


Cheirocerus 115 
chilensis, Diplomystes 114 
chondropterygioides, Arius 127 
choiulropterygius, Arius 139 
Chrysichthys 103, 111 
Cinetodus' 97, 114, 122, 123, 124, 125, 
126, 131, 132, 133, 134, 135, 136, 
142, 143 

Clarias 103, 112 
clarias, Pimelodus 116 
Clariidae 104 
cleptolepis, Arius 116, 126 
clypeaster, A rius 139 
clypeastroides, Arius 139 
coatesi, Ariopsis 97, 119, 123, 126 
cochinchinensis, Arius 127 
cochlearis, Hemipimelodus 135 
Cochlefelis 118, 124, 134 
coelestinus, Bagrus 144 
colcloughi, Hemipimelodus 142 
commersonii, Pimelodus 123, 145 
conorhynchus, Cinetodus 122, 133 
conorhynchus, Tetranesodon 89, 133 
cookei, Aspistor 128 
coruscans, Pimelodus 144 
cottma, Sciades 143, 144 
crassilabris, Cinetodus 95, 97. 113, 116, 
119, 121, 122, 123, 133, 140 
crassilabris, Hemipimelodus 133 
crinalis, Bagrus 127 
crossocheilos, Plicofollis 116, 122, 141, 
142 

Cryptarius 87, 125, 134, 135, 140 
curtisii, Arius 123, 126 
cuvieri, Genidens 144 

D 

danielsi, Cochlefelis 102, 115, 122, 125, 
134 

dasycephalus, Cathorops 131, 132 
daugueti, Cryptarius 135 
daugueti, Hemipimelodus 135 
dayi, Arius 140 
dayi, Hemipimelodus 138, 157 
dayi, Neds stoma 95, 97, 98, 99, 100, 

’ 105, 106, 110, 113, 114, 115, 117, 
122, 125, 131, 132, 133, 136, 138, 
141, 145 
Dianema 99 
dieperinki, Arius 145 
digulensis, Arius 126 
dioctes, Hemiarius 95, 99, 102, 103, 

106, 112, 116, 118, 119, 121, 122, 

125, 131, 132. 136, 138 

Diplomystes 102, 104, 117 

Diplomystidae 94,95,98. 115, 119, 122 
dispar, Arius 111. 115, 127, 142 
Doradidae 93,95, 99, 104, 115, 121 
doriae, Arius 133 
doroides, Bagrus 137 
dowii, Leptarius 112, 143 
dussumieri, Arius 116 
dussumieri, Plicofollis 101, 114, 115, 

116, 119, 122, 129, 141, 142 
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E 

edentatus, Hypophthalmus 100 
elatturus, Aspistor 128 
emmelane. Tacky sums 132 
emphysetus, Sciades 89, 104, 143 
equatorialis. Tacky sums 132 
equestris, Aritts 126 
evertnanni, Tacky sums 132 
eydouxii, Galeichthys 129 

F 

falcarius, Arius 127, 144 
fangi, Arius 127, 144 
feliceps, Galeiclitkys 89, 135 
Felichthys 129 

felis, Ariopsis 89,99, 102, 103, 108, 

114, 119, 125, 126 
festinus, Arius 126 
filamentosus, Felichthys 129 
fossor, Pimelodes 136 
froggatti, Arius 133 

froggatti. Cinetodus 95, 97, 99, 105, 

108, 110, 116, 121, 122, 125, 129, 
130, 133, 137, 145 

fuerthii, Cathorops 103, 116, 119, 132, 
135 

fuscus, Ancharius 89 

G 

gagora, Arius 127 
gagorides, Bagrus 137 
gagoroides, Arius 127 
Galeichthys 94, 95, 97, 99, 100, 102, 
104, 110, 113, 114, 115, 116, 122, 
124, 135, 145 

Genidens 100, 113, 123, 136, 144, 145, 
146 

genidens, Bagrus 144 
genidens, Genidens 89, 111, 121 
Gephyroglanis 114 
gigas, Arius 146 
gilberti, Galeichthys 126 
Glanis 128 

goniaspis, Arius 127, 142 
gracilis, Osteogeneiosus 141 
graeffei, Ariopsis 99, 106, 107, 114, 

123, 126 

graeffei, Arius 140 
grandicassis, Arius 136 
grandicassis, Hemiarius 101, 115, 129, 
136, 140, 142 

grandoculis, Potamarius 143 
granasus, Arius 139 
granulosus, Genidens 144 
guatemalensis, Ariopsis 104, 108, 126 
guentheri, Galeichthys 126 
Guiritinga 121, 123, 145 
gulosus, Tachisurus 132 

H 

hainesi, Amissidens 95,99, 100, 103, 
111,115, 117. 118, 121, 122, 125, 
130, 131, 133, 136, 138, 140 
hainesi, Arius 125 
hamiltonis, Arius 142 
hardenbergi, Aspistor 98, 102, 113, 114, 

115, 122, 128, 134, 136, 140, 142 
harmandi, Arius 99, 111, 145, 146 


heckelii, Arius 127 
Helogeninae 101 

Hemiarius 116, 121, 122, 124, 132, 134, 

135, 136, 139, 140, 141, 142 
Hemipimelodus 122, 123, 132 
herzbergii, Sciades 143, 144 
herzbergii, Silurus 143, 144 
heudelotii, Arius 146 
Hexanematichthys 124, 127, 128, 133, 

136, 137, 143 

hymenorrhinos, Sciades 143 
Hypophthalmus 101, 118 
hypophthalmus, Arius 131 
hypophthalmus, Cathorops 89, 100, 116, 
117,118,122,129,131,132,138 
Hypostomus 112, 114 
Hypsidoridae 94, 95, 121 
Hypsidoris 98, 99, 101, 102, 103, 104, 
109, 110, 111, 113, 114, 117, 118 

I 

Ictaluridae 94, 95, 113, 117, 121, 122 
ingluvies, Osteogeneiosus 141 
insidiator, Hemiarius 95, 101, 113, 115, 
116, 118, 119, 121, 122, 132, 136, 

137, 139 

instil arum, Netuma 128 
intermedius, Hemipimelodus 133 
isthmensis, Aelurichthys 129 
izabelensis, Potamarius 142 

J 

jatius, Arius 127 
javensis, Bagrus 137 
jella, Arius 127 
johatinae, Septobranchus 133 
jordani, Tachisurus 126 

K 

kanganamanensis, Arius 131 
kessleri, Aspistor 97, 103, 110, 112, 113, 
114, 115, 122, 128 

Ketengus 95, 104, 105, 109, 112, 115, 
118, 123, 130, 131, 132, 134, 135, 
137, 141, 142 
kirkii, Arius 142 

L 

laeviceps, Arius 127 
laevigatus, Bagrus 140 
latirostris, Ariopsis 126 
latiscutatus, Arius 146 
layardi, Plicofollis 115, 122, 142 
leiotetocephalus, Arius 142 
Leptarius 143 

leptaspis, Ariopsis 99, 100, 116, 126 
leptaspis, Arius 137 
leptocassis, Hexanematichthys 137 
leptonotacanthus, Arius 99, 116, 127 
liropus, Tachysurus 132 
longicephalus, Tachisurus 132 
longiceps, Osteogeneiosus 141 
Loricariidae 93, 98, 122 
Loricarioidea 117 
luniscutis, Arius 128 
luniscutis, Aspistor 112, 114, 119, 122, 
128 


M 

macracanthus, Arius 127 
macroceplialus, Arius 133,142 
macrocephalus, Osteogeneiosus 141 
macronotacanthus, Arius 139 
macronotacanthus, Nemapteryx 116, 139 
macrorhynchus, Arius 101, 113, 116 
117, 118, 121, 131, 136, 140, 146 
macrorhynchus, Hemipimelodus 125 
macruropterygius, Arius 127 
maculatus, Arius 108, 111, 116, 117, 127 
madagascariensis, Arius 126 
magatensis, Plicofollis 122, 142 
malabaricus, Arius 127 
Malapteruridae 95 
Malapterurus 101 

manillensis, Arius 102, 113, 114, 115 
119, 125, 127 

manillensis, Hemipimelodus 128 
manillensis, Pimelodus 127 
manjong, Arius 127 
marinus, Ailurichthys 89 
marinus, Bagre 97, 99, 101, 103, 104, 
110, 112, 113, 115, 119, 128, 129 
marinus, Silurus 129 
mastersi, Hexanematichthys 109, 116, 
117, 122, 129, 137 
mazatlana, Netuma 128 
melanochir, Arius 132 
melanochir, Cephalocassis 89, 100, 101, 
104, 105, 114, 116, 118, 119, 122, 
125, 131, 132, 135, 142 
melanopterygius, Arius 139 
melanopus, Cathorops 132 
mesops, Bagrus 144 
microcephalus, Arius 118, 127 
microgastropterygius, Arius 139 
micronotacanthus, Arius 127 
micropogon, Bagrus 130 
micropogon, Leiocassis 130 
microstomus, A rius 131 
micruropterygius, Arius 127 
midgleyi, Ariopsis 95, 114 
tnilberti, Arius 126 
militaris, Arius 140 
militaris, Osteogeneiosus 89, 130, 141 
militaris, Silurus 141 
mino, Batrachocephalus 89, 112, 121 
130 

Mochokidae 93, 95, 97, 104 
mong, Pimelodus 127 
multiradiatus, Cathorops 132 
Mystus 129 

N 

nasutum, Catastoma 140 

nasutus, Arius 140 

Nedystoma 122, 123, 124, 125, 131, 

132, 136, 138 

nella, Plicofollis 102, 111, 112, 113, 

115, 119, 122, 129, 131, 141 
nelsoni, Conorhynchos 142 
nelsoni, Potamarius 134, 142 
Nemapteryx 117, 124, 135, 139 
Nematogcniidae 119 
Nemuroglanis 103 

nenga, Nemapteryx 112, 116, 117, 122, 
139 


165 


P. Kailola 


Neoarius 123 

neogranatensis, Aspistor 128 
Neosilurus 97, 98, 101, 104, 109, 110 
Netuma 99, 124, 133, 137, 140 
netuma, Bagrus 140 
Notarius 136 

novaeguineae, Doiichthys 138 
novaeguineae, Nedvstoma 88, 97, 99, 
100, 101, 102, 107, 112, 113, 114, 

115, 116, 117, 118, 121, 122, 129, 

132, 134, 136, 138, 139 

nox, Brustiarius 99, 100, 114, 116, 117, 
122, 125, 129, 130, 138, 145 
nuchalis, Aelurichthys 129 

o 

ocellatus, Galeichthys 136 

oetik, Arius 127, 145 

Ompok 109, 111, 118 

oregonensis, Hypsidoris 112 

osakae, Netuma 140 

osculus, Aspistor 128 

Osteogeneiosus 100, 103, 109, 113, 115, 

116, 118, 122, 123, 129, 130, 135, 
136, 138, 140, 142, 143, 145 

P 

Pachyula 133 

panamensis, Ailurichthys 129 
panatnensis, Bagre 129 
Pangasiidac 95, 121 
Pangasius 99, 111, 118 
papillifer, Hemipimelodus 126 
Paradiplomystes 144 
Pararius 140 
Parasilurus 102, 109 
parkeri, Sciades 110, 143 
parkii, Arius 146 
parvipinnis, Arius 139 
passarty, Sciades 143 
paucus, Arius 126 
pectinidens, Pimelodus 138 
pectoralis, Ariopsis 87, 123, 126 
Pelteobagrus 144 
peronii, Pimelodus 136 
peruvianus, Galeichthys 135, 136 
philippinus, Pseudarius 127 
phrygiatus, Arius 145 
Phyllonemus 94 
pidada, Arius 127 

Pimelodidae 93, 95. 98, 99, 104, 113, 
119, 121, 144 

Pimelodus 94, 98, 114, 125 
pinnimaculatus, Bagre 129 
planiceps, Aspistor 128 
planifrons, Guiriting 145 
planifrons, Guiritinga 126 
planifrons, Netuma 111 
platvpogon. Aspistor 112, 116, 122, 125, 
128, 131, 132, 135, 138 
platyrhynchos, Hemisorubim 144 
platystomus, Arius 112, 127, 136 
Plicofollis 87, 123, 124, 127, 128, 130, 

133, 135, 137, 141, 142, 143, 146 
Plotosidae 98, 104, 115 


polystaphylodon, Plicofollis 102, 106, 
115, 122, 131. 142 
Potamarius 103, 113, 114, 115, 116, 

117, 122, 123, 131, 135, 136, 142 
Prietella 102 

proops, Sciades 110, 112, 143 
proximus, Arius 140 
proximus, Netuma 98, 102, 121, 122, 
131, 135, 140 
Pseudarius 123, 126 
Pseudodoras 118 
Pterodoras 94, 112 
Pygidiinae 113 
Pylodictus 109 

Q 

quadriscutis, Arius 112 
quadriscutis, Aspistor 109, 112, 128 

R 

Rhamdia 99, 100, 101, 114 
rhodonotus, Bagrus 140 
Rita 98. 99 

robertsi, Ariopsis 97, 103, 110, 123, 126 
rostratus, Arius 146 
rostratus, Sarcogenys 140 
rugispinis, Arius 114, 145 

s 

sagor, Hexanematichthvs 89, 109, 110, 
115, 116, 122, 137,' 145 
sagoroides, Arius 137 
Sarcogenys 140 
satparanus, Arius 142 
saugustus, Nemapteryx 102 
Schilbe 97, 99, 102. 103, 111, 122 
Schilbeidae 98, 113, 114, 121 
schlegeli, Arius 142 
Sciadeichthys 143 
Sciadeops 143 

Sciades 109, 111, 115, 116, 117, 122, 
124, 128, 129, 134, 136, 137, 142, 
143, 145 

sciurus, Arius 127 

scutatus, Aelurichthys 129 

seemani, Ariopsis 126 

Selenaspis 116, 143 

Septobranchus 133 

serratus, Arius 140 

siamensis, Hemipimelodus 133 

Siluridae 102, 112, 115, 121 

Siluroidca 121 

sinensis, Arius 127,144 

sinensis, Tachysurus 144 

Sisoridac 93, 98, 104 

smastersi, Hexanematichthvs 104 

solidus, Brustiarius 114, 122, 130, 145 

sona, Arius 137 

sona, Hemiarius 91, 102, 104, 122, 131, 
135, 136 

sondaicus, Bagrus 137 
sparkeri, Sciades 103 
spatula, Cochiefelis 101, 115, 116, 122, 
134, 136 

spixii, Cathorops 132 


stanneus, Galeichthys 140 
Stearopterus 128 
steindachneri, Cathorops 132 
sthenocephalus, Osteogeneiosus 141 
stirlingi, Arius 139 
stormii, Cephalocassis 136 
stormii, Hemiarius 88, 89, 105, 110, 
112, 116, 118, 122, 132, 133, 136, 
138 

stormii, Hexanematichthys 137 
stricticassis, Arius 137 
subrostratus, Arius 117 
sumatranus, Arius 127 
sundaicus, Hexanematichthys 137 
Synodontidae 121 

Synodontis 94, 97, 98, 102, 104, 125 

T 

tachisurus, Pimelodus 127 
Tachysurus 144 
taylori, Arius 126, 132 
temminckianus, Bagrus 144 
tenuispinis, Arius 111, 142 
Tetranesodon 133 

thalassina jacksonensis, Netuma 140 
thalassinus, Netuma 98, 101, 108, 109, 

112, 113, 116, 117, 119, 122, 135, 
140 

thunberg, Pimelodus 127 
tong got, Arius 142 
tracliipomus, Bagrus 137 
Trichomycteridae 98, 113 
Trichomycterus 101 
Trogloglanis 100. 114, 115, 125 
troschelii, Sciades 102, 113, 143 
truncatus, Arius 134 
truncatus, Cryptarius 101, 102, 112, 

113, 116, 121, 122, 130, 131, 132, 
134, 135, 138, 141 

tuyra, Cathorops 132 
typus, Ketengus 89, 99, 130 

u 

uncinatus, Arius 126 
utarus, Ariopsis 108, 121, 126 

V 

valenciennesi, Osteogeneiosus 141 
velutinus, Ariopsis 108, 111, 119, 123, 
126 

venosus, Arius 116, 127 
verrucosus, Hexanematichthys 137 
viviparus, Arius 127 

X 

xenauchen, Galeichthys 126, 162 

z 

zareti, Rhabdolichops 100 
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ABSTRACT 

A new species of Cryptocentrus is described from northern Australia. The species is distinctive in having an orbital 
tentacle, sensory papillae on ridged flaps on the head, transverse rows of preopercular mandibular sensory papillae, 
scales on the cheek, and 11 + 15 vertebrae. Species of Cryptocentrus normally have 10+16 vertebrae. The species 
occurs on silty sand substrates and is commonly trawled. Discussion on the species and species-groups in the genus 
Cryptocentrus is provided. 

Keywords: Gobiidae, Gobiinae, Cryptocentrus, new species, northern Australia. 


INTRODUCTION 

In 1982 the junior author collected a peculiar goby 
with a distinctive orbital tentacle in shallow depths of 
2-12 m. Subsequently specimens of the same species 
were collected by CSIRO, Northern Territory Fisheries 
and the Queensland Museum, largely from trawl 
samples at depths of approximately 20 m. The species 
is placed here in the genus Cryptocentrus, but the 
species has a number of features not found in other 
species in the genus. Hoese and Sleene (1978) removed 
several species from the genus and provided 
information for separation of Cryptocentrus and 
Amblyeleotris. Winterbottom (2002) has moved some 
species to the genus Myersina. While some of the 
species of Cryptocentrus are known from coral reefs, 
many of the species occur on silty sand bottoms in 
estuaries or off the continental shelf and these species 
are generally poorly known. We provide additional 
information on characteristics of the genus and list all 
described species within the genus based on 
examination of type and other material (Appendix). 

Counts and measurements follow those given by 
Hubbs and Lagler (1958), except that the last ray in 
the second dorsal and anal fins is branched to the base 
and counted as a single ray. Eye length was based on 
the longest length of the eye, measured with an ocular 
micrometer to two decimal places. Vertebral counts 
include the urostyle. The ptcrygiophore formula follows 
Birdsong (1975). Institution abbreviations for material 
examined follow Leviton et al. (1985). Proportions are 
based on specimens 55-65 mm SL. Papilla row 
terminology follows Hoese (1983). 


SYSTEMATICS 

Family Gobiidae 
Subfamily Gobiinae 
Genus Cryptocentrus Valenciennes 

Cryptocentrus Valenciennes, 1837: 111 ( Gobius 
cryptocentrus Valenciennes, 1837: 111 = Cryptocentrus 
meleagris Ehrenberg, in Valenciennes, 1837: 111, 
Massuah, Red Sea, by tautonomy). 

Alepidogobius Bleeker, 1874: 296, 310 ( Gobiosoma 
fasciatum Playfair, 1866: 72, Zanzibar, by original 
designation). 

Mars Jordan and Seale, 1906: 408 (M. strigilliceps 
Jordan and Seale, 1906: 408, fig. 95, Samoa, by original 
designation). 

Obtortiophagus Whitley, 1933: 90 ( O. koumansi 
Whitley, 1933: 91, pi. 11, fig. 3, Hayman Island, 
Queensland, Australia, by original designation). 

Smilogobius Herre, 1934b: 88 (S. inexplicatus 
Herre, 1934b: 88, Sitankai Reef, Philippines, by 
original designation). 

Batman Whitley, 1956: 36 (B. insignitus Whitley, 
1956: 36, fig. 2, Darwin, Northern Territory, Australia, 
by original designation). 

Iotogobius Smith, 1959: 195 (/. malindiensis Smith, 
1959: 195, fig. 6, Malindi, Kenya, by original 
designation). 

The genus is characterised by a number of 
distinctive features. Head compressed, with eyes placed 
high on sides of head, interorbital much narrower than 
eye. Head pores present. Pelvic fins connected, forming 
a cup-shaped disc. Gill opening extends to below 
posterior preopercular margin, or well before margin 
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in a few species. Scales typically cycloid, if ctenoid 
then second dorsal and anal fin rays 1,9—10 and gill 
opening narrow. Transverse papilla pattern. Two 
parallel papilla rows on chin. Lower horizontal papilla 
row extends backward from second vertical row. Dorsal 
rays 1,9-12. Anal rays 1,9-11. Skull distinctly 
compressed. Sphenotic flange displaced backward from 
orbit. No preopercular flange to symplectic. First dorsal 
fin origin behind pelvic fin insertion. Gill rakers 
unossified on inner face of lower limb of lirst gill arch 
and outer face of lower limb of second arch. Mouth 
long, usually reaching to or beyond posterior edge of 
eye (13-17% SL). Predorsal length 31-39% SL. 
Preanal length 60-64% SL. 

Currently no primitive sister group has been 
proposed for this genus. In relation to the more 
primitive gobioids (Eleotridae and Gobionellinae), it 
is likely that the lack of ossification of the gill rakers, 
placement of the eyes high on the head and the large 
mouth represent specialisations for the genus. 

Akihito and Meguro (1983) suggested a relationship 
with Myersina and Stonogobiops based on the reduction 
in ossification of the gill arches. They agreed with Hoese 
and Steene (1978) that Amblyeleotris, although 
superficially similar to Cryptocentrus, was not closely 
related. Amblyeleotris differs in having the gill opening 
extending forward at least to below the middle ot the 
preoperculum; posterior scales ctenoid; an enlarged 
papilla set in a pit at each side of chin; the lower 
horizontal papilla row on the cheek extending backward 
from fourth or fifth vertical row; second dorsal and anal 
rays I, 12-19; skull not distinctly compressed; the 
sphenotic flange forming posterior margin of orbit; the 
preopercular flange connecting to symplectic; first dorsal 
fin origin typically over or in front ol pelvic fin origin; 
mouth short, reaching to under mid-eye (9—13% SL), 
predorsal length 24-29% SL; and preanal length 
53-59% SL. Species of Amblyeleotris are associated with 
alpheid shrimps on or adjacent to coral reefs of the Indo- 
west Pacific. Species of Cryptocentrus are also known 
to be associated with alpheid shrimps (Karplus 1981; 
Karplus etal. 1981; Karplus 1987). While some species 
of Cryptocentrus occur in association with coral reefs, 
over half the known species are typically found over silt 
or mud bottoms in mangroves and bays. Species from 
these environments are associated with alpheid shrimps. 
Several species are known only from trawled specimens 
and it is not known whether these occur with alpheids 
in burrows. 

Winterbottom (2002) removed Gobius filifer 
Valenciennes, 1837, Cryptocentrus yangii Chen, I960, 
Cryptocentrus crocatus Wongratana, 1975 and 
Cryptocentrus pretoriusi Smith, 1958, from 
Cryptocentrus , placing them in Myersina. Gobius knutteli 
Bleeker, 1858, a junior synonym of Myersina filifer 
(Valenciennes, 1837) is the type of the genus Paragobius 


Bleeker, 1873. Because the name has not been used in 
over 70 years the genus is provisionally regarded as a 
synonym of Myersina. 

Some of the characteristics listed above are variable 
in Cryptocentrus. For example, only three species are 
known to have ctenoid scales on the body as adults, but 
some other species, such as C. leptocephalus have ctenoid 
scales posteriorly on the body in juveniles. 

Tentatively a number of genera are regarded here as 
synonyms of Cryptocentrus. Further studies may show 
that the genus, as recognised here, is not monophyletic. 
A number of distinctive species complexes, which diller 
from more typical members of the genus, are 
recognisable: 

• The Cryptocentrus cryptocentrus complex contains 
two species ( Cryptocentrus cryptocentrus and 
C. inexplicatus), which are distinctive in having a bony 
ventral projection from the operculum. The generic name 
Cryptocentrus is available tor this complex it it proves to 
be distinctive. 

• The C. strigilliceps complex (C. strigilliceps, 
C. caeruleomaculatus and one undescribed species) is 
distinctive in having transverse rows ol mandibular 
papillae and ctenoid scales on the body. Ctenoid scales 
occur in some other species, such as C. leptocephalus , 
only in young stages. The generic name Mars is available 
for this complex. 

• The C. bulbiceps complex (C. bulbiceps , 
C. diproctotaenia, C. leonis and C. cyanotaenia ) is 
distinctive in having a wedge-shaped patch of predorsal 
scales and the head with several oblique thin lines 
sloping backward and upward. There is apparently 
considerable sexual dimorphism and names here are very 
tentative. If distinctive, no generic name is available tor 
this group. 

• The C. pavoninoides complex (C. pavoninoides, 
C. insignitus, C. cebuanus , C. pretiosus and at least one 
undescribed species) is distinctive in having 8-10 short 
rows of papillae radiating from the eye along the ventral 
and posteroventral margins of the eye onto the cheek. 
These species are relatively large sized (adults greater than 
100 mm SL) and are normally trawled. Satapoomin and 
Winterbottom (2002) have described considerable sexual 
dimorphism in C. pavoninoides. Because ot the species 
rarity and complex variation, the group is in need of 
revision. The generic name Batman is available for this 
group. 

• The C. leucostictus complex (C. leucostictus, 
C. maudae, C. liolepis, C. malindiensis, C. niveatus, 
C. albidorsus and C. nigroocellatus) is distinctive in 
having a very slender body, with a white stripe on the 
midline of the head, often extending onto the body. The 
species inhabit shallow reef Hats. The species list 
recognised here is tentative, with further studies needed 
to clarify the taxonomy of the group. 1 he generic name 
Iotogobius is available for this group. 
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Other valid species in the genus include: 
Cryptocentrus caeruleopunctatus (Riippell, 1830), 
Cryptocentrus cinctus (Herre, 1936), Cryptocentrus 
fasciatus (Playfair. 1866), Cryptocentrus geniornatus 
Herre, 1935, Cryptocentrus leptoceplmlus Bleeker, 1876, 
Cryptocentrus lutheri Klausewitz, I960, Cryptocentrus 
shigensis Kuroda, 1956, and Cryptocentrus yatsui 
Tomiyama, 1936. This group includes the nominal 
genera Alepidogobius and Smilogobius. 

A number of species have been included in 
Cryptocentrus which have a longitudinal papilla pattern 
and it is likely that these are not closely related to 
Cryptocentrus (see Appendix). These species also have 
the chin papillae arranged in a transverse line at the end 
of the chin, similar to the pattern found in 
Tomiyattiichthys and Flabelligobius. 1 hese nominal 
species include: Gobius russus Cantor, 1849. Gobius 
polyophtltalmus Bleeker, 1853, Gobius voigtii Bleeker, 
1854, Gobius xanthotaenia Bleeker, 1855, 
Cryptocentrus callopterus Smith. 1945, Cryptocentrus 
cingulatus Herre. 1934a and Gobius papuanus Peters, 
1876. The status of Cryptocentrus rubropunctatus 
Sewell. 1914. Cryptocentrus vagus Herre, 1927, and 
Cryptocentrus venustus Scale, 1914, currently are 
uncertain. The original description of Cryptocentrus 
cephalotaenius Ni, 1989, makes it clear that it is a species 
of Amblyeleotris close to A. gymnocephala (Bleeker, 
1853). No species of Cryptocentrus has such a high 
second dorsal ray count (1,18-19). Other species of 
Amblyeleotris previously included in Cryptocentrus are 
listed in Hoese and Steene (1978). 

Cryptocentrus tentaculatus new species 
(Figs 1, 2) 

Type material. HOLOTYPE - NTM S. 14637-045, 
1(37 mm SL, male), reef on south side Field Island, 
Northern Territory, R. Williams and party, 27 May, 
1998. PARATYPES- Queensland: NTM S. 12777-001, 
1 (55), Weipa area, S. Blaber. 1987; NTM S. 13277-013, 
I (43), east of Cape York (11 °21,4’S, 142° 58.2’E), R. 
Williams, 1 December 1991; QM 1.26061, 1(62),Torres 
Strait. Northern Territory: AMS 1.24676-006, 
12( 15-37), East Arm boat ramp, Darwin, D. Hoese and 
party, 29 August 1984; NTM S. 10429-001, 4(16-57); 
Channel Island, Darwin Harbour, H. Larson and party, 
24 May 1982; NTM S. 10718-046, 23(24-52), East 
Arm, Darwin, H. Larson and party, 31 December 1982; 
NTM S. 10797-033, 1(24), Apsley Strait, Bathurst 
Island, 0-2 m, H. K. Larson and party, 17 November 
1982; NTM S.l 1803-001, 1(65), south of South Point, 
Groote Eylandt (I4°20'S, I36°15'E, 19 m. Northern 
Territory Fisheries, 27 February 1984; NTM S.l 1804- 
001, 3(60-62), Groote Eylandt, 19 m, Northern 
Territory Fisheries, 29 June 1984; NTM S.l4637-043, 
2(10-45), reef on south side Field Island, R. Williams 
and party, 27 May 1998. 


Additional material examined (non-type 
material). NTM S.10715-002, 1(16), off East Point, 
Darwin, 10-12 m, H. Larson and J. Randall, 
23 November 1982. 

Diagnosis. Mental frenum absent. Mouth large; 
reaching to point below posterior quarter of eye; jaws 
forming angle of 45-55° with body axis; upper margin 
of upper jaw in line with point just below eye. Cheeks 
slightly bulbous. Interorbital very narrow, less than 
pupil diameter. Gill opening reaching to below point 
just behind posterior preopercular margin. Head 
papillae on distinct ridges. Scales entirely cycloid. 
Predorsal area fully scaled to just behind eyes. Cheek 
with scales extending forward to below eye; operculum 
covered with small scales. Pectoral fin base and 
prepelvic area fully scaled. Belly fully covered with 
cycloid scales. First dorsal fin low, with rounded 
margin, third and fourth spines longest and not 
filamentous; spines 3 and 4 extending beyond other 
spines when fin depressed. First dorsal fin with one or 
more black stripes. Anal fin with three oblique black 
bars. Pelvic fin small; reaching to just beyond mid-belly 
in adult and to near anus in juvenile. Second dorsal fin 
rays 1,11-12; anal fin rays usually 1,10; pectoral fin 
rays 15-18; longitudinal scale count 39-46; predorsal 
scale count 19-25; transverse scale count (TRB) 
18-23; vertebrae 11 + 15. 

Description. Based on 50 specimens, 24-65 mm 
SL. Counts of holotype indicated by asterisk. Numbers 
in parentheses after counts indicate the number of 
specimens with that count. 

First dorsal spines VI(33)*; second dorsal rays 
1,11(21). 1.12(11), 1,13(1)*; anal rays 1.9(15). 1.10(16)*; 
pectoral rays 14(1), 15(1), 16(7), 17(23)*, 18(2); 
longitudinal scale count 39(1), 40(1)*, 42(1), 43(1), 
44(3)*, 45(3), 46(3), 47(1), 48(2), 49(2), 50(2), 54(1), 
56(1), 58(2); predorsal scale count 19(1), 22(3), 23(4), 
24(7)*, 25(8), 26(1), 27(1); transverse scale count (TRB) 
18(2), 19(6)*, 20(3), 21 (2), 22(5), 23(2). 24( 1); gill rakers 
on outer face of first arch 1 +1 +7( 1), 3+1 +7(3). 3+1 +8( I); 
gill rakers on outer face of second arch I+0+9(2), 
2+0+7(l), 2+0+9(l), 3+0+70), 3+0+8(2), 3+1+9(2); 
segmented caudal rays 8/8 (2), 9/8(27)*; branched caudal 
rays 7/6(7). 7/7(14)*. 8/7(6), 8/8(1); vertebrae 11 + 15(5). 

Head slightly compressed, 28.7-34.3% SL. Head 
depth at preopercular margin 20.1-21.3% SL. Head 
width at preopercular margin 19.1-25.2% SL. Snout 
rounded in dorsal view; steeply oblique (slightly 
convex) in side view; 6.9-10.0% SL. Eye small and 
elevated, with shallow groove behind, about equal to 
snout in juveniles and less than snout in adults, 
4.3-6.5% SL. Anterior nostril at end of short tube, at 
upper margin of upper lip. Posterior nostril a large pore 
about 1.5 nostril diameters behind anterior nostril, 
slightly closer to eye than upper lip. Preoperculum 
moderate, distance from end of eye to upper posterior 
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Fig. 1. Sensory papillae on head of Cryptocentrus tentaculatus 
n. sp.: composite drawing based on several specimens. 


preopercular subequal to distance from snout to 
posterior end of pupil. Postorbital long, slightly shorter 
than distance from tip of snout to posterior preopercular 
margin. Body robust, depth at anal origin 21.7-23.2% 
SL. Upper jaw 11.5-12.9% SL. Teeth conical. Teeth in 
upper jaw: outer row of teeth curved, enlarged and 
wide-set, a larger tooth at angle of jaw: five to six rows 
of smaller, depressible teeth anteriorly, tapering to two 
to three rows posteriorly; posteriormost rows pointing 
inward into mouth. Teeth in lower jaw: teeth in outer 
row curved, conical, wide-set, covering anterior end 
of dentary only; five to six inner rows of smaller conical 
teeth anteriorly and two to three rows posteriorly, 
innermost row of teeth depressible and pointing 
posteriorly into mouth anteriorly in jaw. Tongue tip 
truncate to slightly rounded. Gill rakers on outer face 
of first arch slender, denticulate on posterior margin, 
rakers shorter than filament length. Rakers on inner 
face of first arch and other arches short and denticulate 
at distal tip. Body covered with cycloid scales. 
Depressed length of first dorsal fin 19.2-22.0% SL, 
origin above a point well behind pelvic fin insertion. 
Second dorsal fin base 28.9-32.0% SL. Anal fin base 
19.8-21.1% SL. Pectoral fin with pointed margin. 


reaching to beyond pelvic fin tip, to just before anus in 
adult, and to segmented anal fin rays 3-4 in juveniles, 
23.2-27.8% SL. Pelvic disc small in adult, reaching 
about half way to anal fin origin, larger in juvenile, 
reaching just short of anus, pelvic length 21.3-26.3% 
SL in adult. Caudal fin with acute posterior margin, 
central rays longest; length 24.0-32.5% SL. 

Head pores. Posterior nasal pore well above nostril; 
median anterior interorbital pore just before eyes; 
median posterior interorbilal pore behind eyes; 
postorbital pore behind upper quarter of eye; 
infraorbital pore below postorbital pore, behind middle 
of eye; lateral canal pore above preoperculum; terminal 
lateral canal pore above posterior preopercular margin; 
no short lube or pores above operculum; three 
preopercular pores, upper in line with a point just below 
upper anterior margin of upper lip: middle pore midway 
between upper and lower pores. 

Papillae. Head papilla pattern transverse (Fig. 1). 
Cheek with five VT lines; first from near interior margin 
of eye to near posterior end of jaws; second incomplete 
and extending upward from posterior end of jaws, not 
meeting eye; third interrupted by upper LT line; fourth 
slightly oblique dorsally, upper part oblique and not 
reaching upper LT line; fifth a short oblique line before 
infraorbital pore; not developed below upper LT line. 
Upper LT and lower LT lines reaching to near posterior 
preopercular margin. An oblique line extending above 
upper jaw toward anterior nostril. A short line from 
lateral margin of anterior nasal tube to near posterior 
nostril. Preopercular-mandibular series with outer LT 
line interrupted just behind upper jaw; inner line 
composed of multiple rows arranged in a TT (transverse 
pattern). A transverse (TT) line behind each eye. A 
longitudinal (LT) line from behind each eye. An LT 
line on nape anteriolaterally from first dorsal origin. 
Chin papillae arranged in two posteriorly converging 
LT lines. A single curved papilla line anteriorly on most 
body scales (often obscure dorsally and posteriorly). 

Coloration in alcohol. Head and body dark brown, 
with faint traces of darker brown bands and scattered 
brown mottling in adults. Specimens below 56 mm SL: 



Fig. 2. Holotype of Cryptocentrus tentaculatus n. sp., NTM S. 14637-045, 37 mm SL, Field Island. NT. 
Scale bar= 10 mm. Photograph by Suzanne Horner. 
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head and body light brown; snout dark brown, with 
scattered white mottling; a vertical brown bar, bordered 
with white, extending ventrally from eye; head with 
scattered black spots along tracks of papilla rows 
resulting in scattered dark brown spots on head; ventral 
surface of head with three brown transverse bars, first 
on chin near middle of jaws, second at posterior end of 
jaws and third extending obliquely from angle of 
preoperculum onto branchiostegal membranes; isthmus 
largely brown, white before pelvic insertion; nape with 
oblique dark brown bar extending from above 
operculum backward and upward above pectoral base; 
body with a series of dark brown more-or-less vertical 
bands, first before first dorsal origin, second below first 
dorsal fin, third below anterior part of second dorsal 
fin, fourth below middle of second dorsal fin, fifth just 
behind posterior end of first dorsal fin and sixth at 
posterior end of caudal peduncle, bands sometimes 
divided by thin white vertical line into two sections. 
Dorsal fins dark grey with scattered black spots. Anal 
fin with alternating white and black areas, giving 
appearance of oblique bands: white area at origin, 
followed by black, then an oblique white area, then 
black, with a curved white area from posterior base of 
fin, extending ventrally and forward, distal tips of last 
few rays black. Pectoral fin with four to five wavy dark 
brown bands. Pelvic disc largely black in adult, light 
grey in juveniles. Caudal fin with three to four wavy 
dark brown to black bands. 

Coloration of freshly collected material (NTM 
S.l 1804-001). Large adults rusty brown colour; pale 
bands on caudal and anal fin whitish orange. Smaller 
specimens with reddish-brown vertical bands anteriorly 
on body, interspaces whitish; head with white mottling; 
posterior half of body reddish brown; light bands on 
caudal and pelvic fins white. Otherwise coloration as 
in preserved material. 

Distribution. Known only from northern Australia 
from Bathurst Island, Northern Territory, to east of Cape 
York, Queensland, from 2-20 m. Specimens have been 
trawled from soft bottom habitats, or obtained by 
rotenone on intertidal/rocky reefs, where they have 
been observed coming out of burrows. However, it is 
not known if the alpheid shrimp obtained at the same 
time were commensal with the new species, as other 
Cryptocentrus species were also present. 

Comparisons. Cryptocentrus tentaculatus is unique 
within Cryptocentrus in the combination of having an 
orbital tentacle, scales on the cheek, papillae on raised 
flaps and transverse rows of preopercular mandibular 
papillae. The oblique dark bars on the anal fin are 
characteristic of several species, including C. strigilliceps, 
C. caeruleomaculatus, C. nigroocellatus, C. leucostictus, 
C. niveatus, C. maudae and C. malindiensis. Multiple 
preopercular papilla rows are found in C. cryptocentus 
and C. caeruleomaculatus. The papillae on flaps, eye 


tentacle and cheek scales are unknown in other species 
of the genus. The flaps on the head are similar in some 
general appearance to that found in the genus 
Callogobius. However, this species is clearly not a 
Callogobius, as the uppermost longitudinal papillae row 
on the cheek ends at the third transverse row (versus 
the second row in Callogobius ), the jaws end under 
posterior quarter of eye (in Callogobius the jaws end 
before or at the anterior margin of the eye), the gill 
opening extends forward to below the posterior edge 
of the preopercle (in Callogobius the gill opening is 
narrow, ending below posterior edge of the opercle) 
and the posterior nostril has a low rim (Callogobius 
has each nostril at the end of a distinct tube). 

Remarks. The scale coverage is less extensive in 
juveniles. The operculum and preoperculum is naked 
and the prepelvic area partly scaled in a 24 mm SL 
specimen. In a smaller 16 mm specimen the predorsal 
area is also naked. Scales are cycloid in juveniles 
(10-24 mm SL). 

Etymology. From the Latin tentaculatum - tentacle, 
referring to the distinctive tentacle on the dorsal surface 
of the eye. 
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APPENDIX. Comparative material examined. Institutional abbreviations follow Leviton et al. (1985). 


Cryptocentrus albidorsus Yanagisawa, 1978: AMS 1.21933-002, 
6 (25-36), Philippines. 

Cryptocentrus hulhiceps (Whitley, 1953): holotype of 
Cryptocentroides bulbiceps, QM 1.107051. 1(91). Palm Island, 
Queensland. 

Cryptocentrus caeruleomaculatus (Herre, 1933a): holotype of 
Mars caeruleomacidatus, CAS-SU 25502; holotype of Ctenogobius 
culionensis (Herre, 1934b). CAS-SU 26387. 1(38); AMS 1.21260- 
004, 4 (39^11), Queensland. Australia. 

Cryptocentrus caeruleopunctatus Riippell, 1830: lectotype of 
Gobius caeruleopunctatus. SMF 1936: syntypes of Gobius 
pavoninus Valenciennes, 1837), MNHN 5381,3(82-92), Red Sea. 
Cryptocentrus cebuanus Herre, 1927: AMS 1.30060-001, 1 (105), 
Western Australia. 

Cryptocentrus cinctus (Herre 1936): holotype of Smilogobius 
cinctus , CAS-SU 29103, 1(59); AMS 1.19465-029, 10 (23-48), 
Queensland: WAM P.30398-002, 4(30-47), Sabah. 

Cryptocentrus cyanotaenia (Bleeker, 1853): holotype of Gobius 
cyanotaenia, RMNH 4662. 1(86), Batavia. 

Cryptocentrus cryptocentrus (Valenciennes, 1837): holotype of 
Gobius cryptocentrus, MNHN A. 1166. 1(81); syntypes of 
Cryptocentrus octofasciatus Regan. 1908. BMNH 1908.3.23.231, 
1(55) and BMNH 1908.2.23.232-234, 3(38-53); AMS 1.19403- 
001,2 (27-50), South Africa. 

Cryptocentrus diproctotaenia Bleeker, 1876: syntypes RMNH 
4514, 2(113-113), Amboina. 

Cryptocentrus fasciatus Playfair in Playfair and Gunther, 1866): 
holotype of Gobiosoma fasciatum, BMNH 1867.3.7.495, 1(94); 
AMS* 1.19450035, 6 (12-29), Queensland; NTM S. 10808-011. 
2(82-91), Western Australia. 

Cryptocentrus geniornatus Herre, 1935: holotype FMNH 17364, 
1(39), Waigiu Island. 

Cryptocentrus inexplicatus (Herre, 1934b): holotype of 
Smilogobius inexplicatus, CAS 125500, 1(56); CAS GVF 139, 
2(49-50), Palau. 

Cryptocentrus insignitus (Whitley, 1956): holotype of Batman 
insignitus, AMS IA.4299, 1(36). NTM S. 10608-003, 2(48-52). 
Northern Territory, Australia. 

Cryptocentrus leonis Smith, 1931 : holotype USNM 90322, 1 ( 1 02), 
Chantabun River estuary. 

Cryptocentrus leptocephalus Bleeker, 1876: holotype RMNH 
4665, I (62): holotype of Cryptocentrus cheni Herre, 1933b, CAS- 
SU 25494; holotype of Smilogobius obliquus Herre, 1934b, 
CAS-SU 25501, 1(51); holotype of Smilogobius singapurensis 
Herre, 1936, CAS-SU 29807, 1(72); AMS 1.24678-018, 1 (55), 
Northern Territory, Australia; WAM P.30398-001.2(50-62), Sabah. 


Cryptocentrus leucostictus (Giinther, 1872): holotype of Gobius 
leucostictus, BMNH 1871.9.13.174, 1(52); holotype of 
Hetereleotris phaenna Jordan and Seale. 1906), USNM 51786, 
1(14); AMS 1.21260-005. 5 (26-77). Queensland. 

Cryptocentrus lutheri Klausewitz, 1960: holotype SMF 4773, 
1(59); AMS 1.21883-001, 1 (52), Gulf of Aqaba. 

Cryptocentrus malindiensis (Smith, 1959): holotype of lotogobius 
malindiensis, RUSI 203, 1(21). Malindi, Kenya. 

Cryptocentrus maudae Fowler, 1937: holotype ANSP 68253, 
1(106); AMS 1.21933-003. 3 (33-51). Philippines. 
Cryptocentrus nigroocellatus Yanagisawa, 1978: AMS 
1.21936002. 2 (54-57), Philippines; AMS 1.23499-006, I (41), 
Japan; WAM P.30403-024, 1(49), Sabah. 

Cryptocentrus niveatus Valenciennes, 1837: holotype of Gobius 
niveatus MNHN A.l 157, 1(80). Java. 

Cryptocentrus pavononoides (Bleeker, 1849): holotype of Gobius 
pavoninoides RMNH 4473, 1(109), Sumanap. Madura. 
Cryptocentrus pretiosus (Rendahl, 1924): syntypes of Gobius 
pretiosus NHRM 1874809-4422, 2(120-125), Hong Kong. 
Cryptocentrus sericus Herre, 1932: holotype CAS-SU 25725, 
Canton, China. 

Cryptocentrus sliigensis Kuroda, 1956: holotype Kuroda Coll. 
No. 1076, Shige, Shizuoka. 

Cryptocentrus strigilliceps (Jordan and Seale, 1906): holotype 
of Mars strigilliceps USNM 51778, 1(39); holotype of 
Obtortiophagus koumans Whitley. 1933, AMS I A.2027, 1(50); 
holotype of Callogobius ocellatus Herre, 1935, FMNH 17363, 
1(37.5); AMS 1.19456-102. 3 (16-38), Queensland. 
Cryptocentrus wehrlei Fowler, 1937: holotype ANSP 68254, 1 (68), 
Bangkok. 

Cryptocentrus yatsui Tomiyama, 1936: holotype ZUMT 25229, 
1(68), Tainan, Formosa. 

Other Material Examined. 

Gobius russus , syntypes, BMNH 1860.3.19.5731, 2(80-80 half 
skins). 

Gobius polyophthalmus, holotype, RMNH 6183. 

Gobius voigtii, holotype, RMNH 6183. 1(97). 

Gobius xanthotaenia. holotype, RMNH 6183, 1(102). 
Cryptocentrus callopterus, holotype, USNM 119572, 1(70). 
Cryptocentrus cingulatus. holotype, CAS-SU 39054. 

Gobius papuanus. holotype, ZMB 9768, 1(40). 

Myersina pretoriusi. holotype, RUSI 183, 1(60). 

Myersina fdifer. holotype of Gobius fdifer, MNHN 994, 1(103); 
holotype of Gobius knutteli, RMNH 4507, 1(90). 
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northern Australia, and a re-diagnosis of Periophthalmus novaeguineaensis 
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ABSTRACT 

Two new species of mudskipper (genus Periophthalmus ) are described from mangrove habitats of north-western 
Australia. They both resemble small specimens of Periophthalmus novaeguineaensis Eggert, 1935, and have been 
confused with that species. Periophthalmus darwini n. sp. is distinguished by a combination of characters, in particular 
a greatly reduced first dorsal fin in both sexes. Periophthalmus murdyi n. sp. is distinguished by a combination of 
characters, including heavily pigmented pelvic fins and a relatively plain blackish first dorsal fin. Periophthalmus 
novaeguineaensis is re-diagnosed, as the data presented in its 1989 review by Murdy was found to include that of the 
two new species. Periophthalmus expeditionium Whitley, 1953, may be a valid species also. A dichotomous key to all 
Periophthalmus species is included. 

Keywords: Periophthalmus, Periophthalmus novaeguineaensis, Periophthalmus expeditionium. Gobiidae, Oxudercinae, 
northern Australia, new species, mudskipper. 


INTRODUCTION 

Mudskippers of the genus Periophthalmus occur 
throughout the Indo-Pacific, with a single species in 
west Africa. These are gobiid fishes currently placed 
in the subfamily Oxudercinae (there is some 
nomenclatural controversy over the subfamily name 
that will not be dealt with here), and 15 species of 
Periophthalmus are presently recognised (Murdy 1989; 
Lee et al. 1995; Murdy and Takita 1999; Darumas and 
Tantichodok 2002). However, a number of specimens 
exist that do not quite agree with species described in 
these papers, and that sit mislabelled in museum 
collections. 

During ecological studies on the mudskippers of 
mudflats and mangroves in the Northern Territory (NT) 
and Western Australia (WA), the junior author identified 
two species of mudskipper that appeared to be new. 
Subsequent examination of specimens in the collection 
of the Museum and Art Gallery of the Northern Territory 
(NTM) revealed additional specimens of these new 
species, most of which had been previously identified 
as Periophthalmus novaeguineaensis. Indeed, a number 
of the specimens reported as P. novaeguineaensis by 
Murdy (1989) are the new species (e.g. NTM S. 10554- 
GO I and NTM S. 11360-015 are P. darwini n. sp., and 
NTM S. 10426-002 is P. murdyi n. sp.). Because Murdy’s 


data and diagnosis of P. novaeguineaensis thus includes 
three species, it became necessary to examine relevant 
type specimens and redescribe the species. 

METHODS AND MATERIALS 

Methods of measuring specimens are generally those 
as used by Murdy (1989), using electronic callipers, 
with several differences. Measurements of first dorsal 
fin base, and distance between dorsal fins, both include 
the membrane that joins the last ray to the dorsal surface 
of the body (no such membrane exists at the posterior 
part of the second dorsal or anal fin), and body depth 
is taken twice, at the anal fin origin (BDA) and at the 
origin of the pelvic fin base. Pectoral fin length does 
not include the fin base. Fish lengths are standard length 
(SL). 

Counts of second dorsal and anal fin rays distinguish 
between unsegmented and segmented rays, unlike 
Murdy (1989). Lateral scale counts do not include 
scales on the caudal fin; counts end at the hypural 
crease. Transverse scale counts backward (TRB) are 
taken at the origin of the anal fin dorsoposteriorly to 
second dorsal fin base. Transverse scale counts forward 
(TRF) are taken at the origin of the anal fin 
anterodorsally to first dorsal fin base (or last scale 
before dorsal midline, depending on position of first 
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dorsal fin). Dorsal pterygiophore counts are presented 
as in Birdsong et al. (1998). 

Institutional abbreviations follow Leviton et al. 
(1985). 

In the descriptions below, counts and measurements 
for holotype are given first, with the range for paratypes 
in parentheses. 

SYSTEMATICS 

Family Gobiidae Cuvier 
Subfamily Oxudercinae Gunther 
Periophthalmus Bloch and Schneider 
Periophthalmus darwini new species 

(Figs 1, 2, 7A.B; Tables 1, 2) 

Periophthalmus novaeguineaensis [in part] 
- Murdy 1989: 42. 

Type material. HOLOTYPE - NTM S. 10554-004, 
45.5 mm male, mud banks at Mickett Creek, Shoal 
Bay, NT, HL 82-39, H.K. Larson, P. Horner and P. 
Davie, 30 June 1982. PARATYPES - NTM S. 10554- 
001, 47(22-45), same data as holotype; NTM 
S. 11360-015, 7(28-40). Sonneratia mangrove at 
Darbilla Creek, just south of Milingimbi settlement, 
NT, HL 84-25, H.K. Larson, P. Horner, B. Johannes 
and Lyle, 23 July 1984; NTM S. 14400-006, 3(32.5- 
39.5), mangrove on beach south of Pickertaramoor, 
Melville Island, NT, HL 96-19, H.K. Larson and M. 
Mahoney, 13 October 1996; NTM S. 10694-022, 
14(30-34), mangrove creek to right of camp-ground, 
Gunn Point. NT, HL 82-52, H.K. Larson and R.S. 
Williams, 20 September 1982; NTM S. 15801-001, 
8(36.5-42.5), mudflats west of abandoned prawn farm 
ponds at tip of Howard Peninsula, Hope Inlet, NT, T. 
Takita, 27 July 2001; AMS 1.43230-001.7(32.5-43), 
same data as previous; NSMT-P 67977. 5(33-40.5), 
same data as previous. 

Diagnosis. A slender-bodied Periophthalmus (body 
depth at anal fin origin 10.6-14.6% of SL. mean 
12.7%), unique among Periophthalmus species in 
having a greatly reduced first dorsal fin (depressed 
dorsal 5.1-9.6% of SL) in both sexes, and usually with 
only five spines, fin widely separated from second 
dorsal fin origin; pelvic fins united for half their length, 
distinct fraenum present, posterior tips of fins pointed 
to bluntly pointed, fifth ray bifurcating close to base 
and branching about 9 times; first dorsal tin plain 
blackish except for slightly paler base and narrow 
whitish margin; second dorsal fin translucent with 
broad submarginal black band and a row of black spots 
or blotches along fin base; no melanophores on anal 
fin; pelvic fins whitish or with some fine speckling; 
orange spots may be present on lower side of head and 
body when live; second dorsal fin rays modally 1,11; 
anal fin rays modally 1,12; pectoral rays 11-13; caudal 


fin rays usually only with ventralmost 6-7 rays 
branched, dorsalmost 8-9 rays rarely branched; lateral 
scales 58-78; predorsal scales usually 24-25. 

Description. Based on 36 specimens, 23.5 to 45.5 
mm SL. 

First dorsal fin V (IV-VI); second dorsal fin 1,11 
(1,10-12); anal fin 1,12 (1.11-13); pectoral rays 11 
(11-14); caudal fin segmented rays in 8/7 pattern 
(8/7 to 9/8). with branched rays in 0/5 pattern (0/3 to 
3/7); lateral scales 64 (58-78); TRB 15 (15-23); TRF 
16 (16-23); predorsal scales 23 (20-30). Dorsal 
pterygiophore pattern 3-1301000 (in six specimens), 
3-1301000 (in seven), 3-230100 (in one); usually I 
pre-anal pterygiophore (2 in one specimen, 13 with 
1); usually 2 epurals (1 in one specimen, 13 with 2) 
(Table I). 

Body slender, BDA I0.6%-14.6% of SL; adult size 
small (up to 45.5 mm SL) (Fig. 1). Head length 
24.6-29.5% of SL; head width slightly greater than 


Table 1. Counts and measurements of specimens of Periophthalmus 
darwini n. sp. 



Holo. 

Mean 

Max. 

Min. 

Mode 

First dorsal fin spines 

5.0 

4.9 

6.0 

4.0 

5.0 

Second dorsal fin rays 

11.0 

10.9 

12.0 

10.0 

11.0 

Anal fin rays 

12.0 

12.4 

13.0 

11.0 

12.0 

Pectoral rays right 

11.0 

11.5 

13.0 

11.0 

11.0 

Pectoral rays left 

11.0 

11.9 

14.0 

11.0 

12.0 

Caudal segmented 

15.0 

15.2 

17.0 

15.0 

15.0 

Caudal branched 

5.0 

6.6 

10.0 

3.0 

7.0 

Lateral scales 

64.0 

69.2 

78.0 

58.0 

67.0 

Transverse rows back 

15.0 

18.3 

23.0 

15.0 

19.0 

Transverse rows 
forward 

16.0 

19.5 

23.0 

16.0 

21.0 

Predorsal scales 

23.0 

24.4 

30.0 

20.0 

25.0 

Standard length 

45.5 

36.5 

45.5 

23.5 

37.0 

Head length 

12.8 

9.9 

12.8 

6.3 

11.2 

Head width 

7.7 

6.1 

7.7 

4.1 

6.0 

Head depth 

8.2 

6.4 

8.2 

4.1 

6.5 

Body depth at 
anal base 

6.1 

4.6 

6.1 

2.5 

4.6 

Body depth at 
pelvic base 

7.8 

6.0 

7.8 

3.8 

5.8 

Length before D1 

16.8 

13.0 

16.8 

1.2 

13.2 

D1 base length 

3.9 

2.9 

4.0 

1.7 

3.0 

Distance between 
dorsals 

7.6 

6.4 

8.1 

4.0 

7.2 

D2 base length 

8.0 

6.9 

8.5 

4.0 

8.2 

Length behind D2 

9.5 

7.4 

9.5 

4.8 

7.8 

Anal base length 

9.0 

7.6 

9.0 

4.8 

7.0 

Caudal peduncle length 

9.2 

7.2 

9.2 

4.8 

7.0 

Caudal peduncle depth 

4.0 

3.1 

4.0 

1.9 

3.0 

Depressed D1 

3.9 

3.0 

3.9 

1.8 

3.3 

Pectoral base height 

3.0 

2.2 

3.5 

1.4 

2.1 

Pectoral length 

8.5 

6.4 

8.5 

4.1 

6.8 

Pelvic length 

6.0 

4.5 

6.0 

2.7 

4.4 

Caudal length 

10.0 

8.2 

10.0 

4.8 

8.8 

First D1 spine 

2.3 

2.1 

2.7 

1.4 

2.3 

Second D1 spine 

2.4 

2.1 

2.6 

1.3 

1.8 

Third D1 spine 

- 

2.1 

2.1 

2.1 

- 
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Fig. 1. Holotype of Periophthalmus darwini n. sp., NTM S.10554-001, 45.5 mm SL male, Shoal 
Bay, NT. Photograph by T. Takita. 


head depth. First dorsal fin greatly reduced in both 
sexes, triangular in shape with first dorsal spine often 
longest, fin widely separated from second dorsal fin, 
gap between dorsal fins 15.2-20.0% of SL. Second 
dorsal and anal fins very low and short, distance 
between posteriomost second dorsal fin ray and caudal 
fin base 18.5-23.0% of SL (Table 2). Pelvic fins with 
distinct frenum, fins united for about half their length; 
fifth pelvic fin ray short, branching about nine times, 
branches commencing close to base of ray, with 
unbranched portion covered by muscle tissue. 

Females with short blunt slightly cylindrical genital 
papilla; papilla in males usually flattened and pointed, 
usually somewhat elongate. 

Coloration of preserved material. Head and body 
light brown to greyish brown, underside of body whitish 
to yellowish (unpigmented), underside of head may 
have scattered brownish pigment on isthmus and chin. 
About nine forwardly-oblique, narrow, dark brown bars 


Table 2. Morphometries of specimens of Periophthalmus darwini 
n. sp., expressed as percentage of standard length (SL) or head 
length (HL). 



Holo. 

Mean 

Max. 

Min. 

HL in SL 

28.1 

27.3 

29.5 

24.6 

HD in HL 

60.2 

61.3 

68.8 

57.8 

HW in HL 

64.1 

64.2 

71.3 

58.4 

BD at A base in SL 

13.4 

12.7 

14.6 

10.6 

BD at P2 base in SL 

17.1 

16.5 

17.6 

15.5 

Length anterior to D1 in SL 

36.9 

35.6 

38.9 

3.5 

D1 base length in SL 

8.6 

8.0 

9.8 

5.3 

Distance between dorsal 
fins in SL 

16.7 

17.7 

20.0 

15.2 

D2 base in SL 

17.6 

19.0 

22.1 

16.8 

Distance from D2 last ray to 
caudal in SL 

19.8 

20.7 

23.0 

18.5 

A base in SL 

20.2 

20.1 

22.6 

17.7 

CPL in SL 

8.8 

10.8 

22.2 

7.9 

CPD in SL 

8.6 

8.3 

9.6 

7.0 

Depressed D1 in SL 

6.6 

6.6 

9.6 

5.1 

Pectoral base in SL 

8.6 

14.9 

19.4 

5.4 

Pectoral in SL 

6.6 

13.3 

19.2 

6.6 

Pelvic in SL 

18.7 

20.4 

25.4 

11.8 

Caudal in SL 

13.2 

9.6 

24.1 

4.9 

First D1 spine in SL 

22.0 

6.1 

22.0 

4.4 

Second Dl spine in SL 

22.0 

6.2 

22.0 

4.6 

Third Dl spine in SL 

5.1 

5.4 

5.8 

5.1 


across dorsum: first two cross predorsal region, third 
bar at origin of first dorsal fin, fourth bar midway in 
gap between dorsals, fifth at second dorsal I in origin, 
sixth bar at centre of second dorsal, seventh at rear of 
second dorsal fin, eighth on caudal peduncle just before 
dorsal procurrent rays and a ninth on midbase ol caudal 
fin; dark brown mottling, spots or blotches may be 
present between each oblique bar; all dark brown bars 
end near mid-side of body. Head with small brown 
spots, oblique streaks and mottling. 

First dorsal fin plain dusky, with whitish or 
translucent margin. Second dorsal tin translucent with 
two to three slightly oblique and irregular rows of 
elongate dusky spots, which may coalesce to form a 
line along centre of fin, margin whitish to transparent. 
Anal fin plain whitish. Caudal fin pale to dusky brown, 
with about seven rows of small brownish spots which 
may form irregular vertical rows (usually most 
pronounced near fin base), ventralmost quarter of fin 
plain dusky to whitish. Pectoral fin translucent with 
brown pigment following fin rays. Pelvic fins whitish 
ventrally, with some light brown speckling along tin 
rays on dorsal surface. 

Coloration of fresh material. A live specimen is 
shown in Fig. 2. Field notes for several lots indicate 
that the live fish had bright orange spots on the head 
and body, similar to those in P. novaeguineaensis 
(which they were assumed to be at the time of 
collection). 

Two living fish from Channel Island were a light 
brown to fawn colour on head and body, paling to dull 
whitish ventrally, with about 10 forwardly oblique 
narrow slightly darker brown to grey-brown bars and 
saddles from dorsal mid-line; side ol head and body 



Fig. 2.1 Jve Periophthalmus darwini n. sp.. near the mouth of the 
Howard River, NT. Photograph by T. Takita. 
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with pearly white to silvery whitish irregular patches 
and short vertical lines along side of body and lower 
half of head, interspersed with the oblique bars; first 
dorsal fin black, pale brown at base; second dorsal fin 
translucent to translucent fawn with basal row of 
irregular brown spots and sub-marginal brown band 
(broken-up); pectorals pinkish brown, pigment most 
developed along fin rays; pelvics plain pinkish brown 
on dorsal surface; anal fin plain dull whitish: caudal 
fin translucent light brown with 2-3 short oblique 
darker brown bars crossing anterordorsal portion of fin 
and 4-5 irregular oblique rows of brown spots crossing 
tin; eyes dark gold-flecked brown; underside of head 
whitish; lips pale brown. 

Distribution. Northern Territory, from Melville 
Island; Darwin Harbour to Milingimbi; and Roebuck 
Bay, Western Australia. Melville Island specimens came 
from a small isolated mangrove behind a beach dune, 
with no connection to the sea (at that time). The ecology 
of this species will be discussed by Takita (in prep.). 

Remarks. Periophthalmus darwini could possibly 
be confused with small female specimens of P. weberi 
Eggert, 1935, a species known from northern Australia 
and New Guinea (Murdy 1989). However, P. weberi 
has the pelvic fraenum reduced or lacking, and females 
have a reduced first dorsal fin represented only by a 
few spines (males have an enlarged fin that is 
contiguous with the second dorsal fin). 

Of the specimens reported as P. novaeguineaensis 
by Murdy (1989), four lots were P. darwini (NTM 
S.10472-018, NTM S.10554-001, NTM S.Ill 14-002, 
NTM S. 11360-015) and two lots included some 
specimens of P. darwini (5 out of NTM S. 10429-025, 
and 14 out of NTM S. 10694-001). 

Etymology. The species is named for the naturalist 
Charles Darwin, after whom Darwin Harbour (where 
the holotype was collected) was named. 

Periophthalmus inurdyi new species 

(Figs 3-6, 7C,D, 8D-G; Tables 3, 4) 

Periophthalmus novaeguineaensis [in part] 
- Murdy 1989: 42. 

Type material. HOLOTYPE - NTM S. 11193-005, 
38 mm SL male, spawning ponds, Bowstead’s 
barramundi farm, on bend of river NE of Harrison Dam, 
Adelaide River. R. Lau, 4 October 1993. PARATYPES 
-NTM S. 11193-004, 59(15-44), same data as holotype; 
NTM S. 15800-001, 13(33-47.5), mudflats under Derby 
jetty, WA, T. Takita, 18-19 July; WAM P.32464.001, 
4(33.5-47.5), mudflats under Derby jetty, WA, T. 
Takita, 18 July 2002; AMS 1.43240-001,3(39.5-46.5), 
mudflats under Derby jetty, WA. T. Takita, 18 July 
2002; NTM S. 14467-006, 9(32-42), mud and gravel 
pools on rockbar at Smith’s Landing, East Alligator 
River, NT, H.K. Larson and G. Lindner, 3 June 1997; 
NTM S. 10426-002, 17(32-41), upstream Buffalo 


Creek, H.K. Larson and party, 21 April 1982; NTM 
S. 14024-013. 16(33-46), small creek on north side 
Roper River near Port Roper, H.K. Larson and R.S. 
Williams, 8 September 1994. 

Diagnosis. A slender Periophthalmus (body depth 
at anal fin origin 12.2-14.5% of SL, mean 13.5%), with 
pelvic fins often heavily pigmented, a submarginal 
black stripe and basal row of black spots on second 
dorsal fin; first dorsal fin usually XL fin rounded to 
slightly pointed anteriorly, moderate in height, falling 
well short of second dorsal fin origin when depressed 
(length 13.0-25.6% of SL): pelvic fins with distinct 
frenum, united for about half their length, fin tips 
rounded, fifth ray bifurcated close to base, branching 
about 9 times; first dorsal fin dark grey to black, with 
broad white to translucent margin; second dorsal fin 
pale with broad submarginal black band and row of 
oval black spots along fin base; anal fin whitish usually 
with intermittent blackish patches medially; pelvic fins 
dark grey to blackish dorsally, blackish pigment along 
fin rays ventrally: second dorsal fin modally 1.12; anal 
fin modally 1.11; pectoral rays 12-15; caudal fin with 
9-15 branched rays usually in 6/6 pattern, upper and 
lower 1-3 rays unbranched; lateral scales 71-112; 
predorsal scales 24-32. 

Description. Based on 36 specimens, 28.5-47.5 mm 
SL. 

First dorsal fin XI (IX-XIV); second dorsal fin 1,12 
(1,11-13); anal fin 1.11(1.10-12); pectoral rays 15(12- 
15); caudal fin segmented rays in 9/8 pattern (8/8 to 
9/8, nearly always 9/8), with branched rays in 6/7 
pattern (5/4 to 8/7, modally 6/6); lateral scales 81 (71- 
112); TRB 20 (18-27); TRF 20 (20-30); predorsal 
scales 28 (25-32). Dorsal pterygiophore pattern 3- 
1311000 (in nine specimens), 3-132100 (in three), 
3-13100 (in one), 3-131000 (in two), 3-230100 (in one), 
3-132000 (in one); 1-2 pre-anal pterygiophores 
(modally 1); 1-2 epurals (modally 2) (Table 3). 

Body relatively slender; adult size small (Fig. 3), 
maximum size 47.5 mm SL (mean 39 mm); largest 
specimens are female (up to 47.5 mm SL; largest male 
44.5 mm SL). Head length 25.6-27.9% of SL, head 
depth slightly greater than head width. First dorsal fin 
moderately tall, rounded to slightly pointed and 
triangular in shape; second or third spine usually 
longest or first three spines subequal; spines falling 
short of second dorsal fin origin when depressed. 
Females with shorter and lower first dorsal fin than 
males, with gap between dorsals 3.9% of SL in 
holotype, mean 6.2%; distance greater in females (range 
3.4-10.5% and a mean of 7.0% in females, range 
2.7-8.9% and a mean of 5.2% in males). Second dorsal 
and anal fins low, rays falling well short of caudal fin 
base; second dorsal fin base almost equal to caudal 
peduncle length; distance between posteriomost second 
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Fig. 3. Holotype of Periophthalmus murdyi n. sp., NTM S. 11193-005, 38 mm SL male, Adelaide 
River, NT. Photograph by T. Takita. 


dorsal fin ray and caudal fin base 15.8-18.3% of SL 
(Table 4). Pelvic fins with distinct frenum; fins united 
for about half their length; fin tips rounded to slightly 
pointed; fifth ray bifurcated close to base, branching 
about nine limes, fifth ray bases close, not wide-set 
(Fig. 7). Caudal fin rather narrow (Fig. 8). 

Females with short blunt slightly cylindrical genital 
papilla; papilla in males flattened and usually pointed, 
usually somewhat elongate. 


Table 3. Counts and measurements of specimens of Periophthalmus 
murdyi n. sp. 



Holo. 

Mean 

Max. 

Min. 

Mode 

First dorsal fin spines 

11.0 

11.5 

14.0 

9.0 

10.0 

Second dorsal fin rays 

12.0 

12.1 

13.0 

11.0 

12.0 

Anal fin rays 

11.0 

10.9 

12.0 

10.0 

11.0 

Pectoral rays right 

15.0 

13.8 

15.0 

13.0 

14.0 

Pectoral rays left 

15.0 

13.8 

15.0 

12.0 

14.0 

Caudal segmented 

17.0 

16.8 

17.0 

15.0 

17.0 

Caudal branched 

13.0 

11.3 

15.0 

4.0 

12.0 

Lateral scales 

85.0 

81.1 

112.0 

71.0 

75.0 

Transverse rows back 

20.0 

22.0 

27.0 

18.0 

21.0 

Transverse rows forward 

20.0 

24.2 

30.0 

20.0 

24.0 

Predorsal scales 

28.0 

28.2 

32.0 

25.0 

28.0 

Standard length 

38.0 

39.1 

47.5 

28.5 

38.0 

Head length 

10.0 

10.5 

13.0 

7.5 

10.2 

Head width 

6.8 

6.7 

8.5 

4.9 

6.1 

Head depth 

7.4 

6.9 

9.3 

5.3 

6.8 

Body depth at anal base 

5.1 

5.3 

6.7 

3.5 

5.5 

Body depth at pelvic base 7.0 

6.9 

8.8 

4.8 

6.8 

Length before D1 

13.3 

14.0 

17.1 

10.2 

13.7 

D1 base length 

7.1 

7.3 

11.3 

3.7 

8.1 

Distance between dorsals 1.5 

2.4 

3.9 

1.0 

2.2 

D2 base length 

9.0 

8.8 

11.2 

6.4 

8.2 

Length behind D2 

6.5 

7.2 

8.7 

5.0 

6.7 

Anal base length 

7.6 

7.4 

9.1 

5.6 

8.0 

Caudal peduncle length 

7.3 

8.2 

10.1 

6.3 

7.6 

Caudal peduncle depth 

3.3 

3.4 

4.4 

2.4 

3.5 

Depressed D1 

8.1 

7.8 

11.9 

3.7 

10.1 

Pectoral base height 

2.8 

2.7 

3.5 

1.8 

2.5 

Pectoral length 

5.7 

6.7 

9.1 

5.2 

6.6 

Pelvic length 

4.8 

4.9 

6.1 

3.5 

4.7 

Caudal length 

9.1 

8.9 

10.8 

7.0 

8.1 

First D! spine 

4.4 

5.3 

9.3 

2.5 

6.3 

Second D1 spine 

4.5 

5.2 

9.0 

2.3 

4.2 

Third D1 spine 

4.6 

4.8 

5.8 

3.8 

5.8 


Coloration of preserved material. Head and body 
light brown to fawn, paler brown to white ventrally, 
with 8-10 forwardly-oblique irregular dark brown bars 
across dorsum (Figs 4-6), bars may be indistinct 
dorsally and only visible laterally, and usually end on 
mid-side of body; bar width variable, usually alternating 
between broad and narrow bars (Fig. 3). Typically, 
broadest bars cross nape above pectoral base, at rear 
of first dorsal fin, at anterior half of second dorsal fin, 
and at rear of second dorsal I in. Head may be rather 
plain or with dark brown mottling and reticulation, 
which may form irregular oblique streaks. Some 
specimens with silvery white spots and small blotches 
on lower half of head and along side ot body. Underside 
of head and prepelvic area pale brownish to dusky 
brownish, sometimes with darker biown area over 
branchiostegal rays, darker pigment may coalesce ovei 
isthmus in some specimens. 


Table 4. Morphometries of specimens of Periophthalmus murdyi 
n. sp.. expressed as percentage of standard length (SL) or head 
length (HL). 



Holo. 

Mean 

Max. 

Min. 

HL in SL 

26.3 

26.7 

27.9 

25.6 

HD in HL 

68.0 

64.2 

73.6 

58.7 

HW in HL 

74.0 

65.8 

74.0 

58.8 

BD at A base in SL 

13.4 

13.5 

14.5 

12.2 

BD at P2 base in SL 

18.4 

17.6 

19.5 

16.6 

Length anterior to DI in SL 

35.0 

35.7 

37.4 

33.8 

D1 base length in SL 

Distance between dorsal 

18.7 

18.6 

24.3 

13.0 

fins in SL 

3.9 

6.2 

10.5 

2.7 

D2 base in SL 

Distance from D2 last ray 

23.7 

22.5 

24.7 

15.8 

to caudal in SL. 

17.1 

18.3 

20.0 

15.8 

A base in SL 

20.0 

18.9 

21.4 

17.4 

CPL in SL 

19.2 

21.0 

22.6 

19.2 

CPD in SL 

8.7 

CO 

CO 

9.4 

7.8 

Depressed Dl in SL 

21.3 

19.7 

25.6 

13.0 

Pectoral base in SL 

7.4 

7.0 

7.9 

6.2 

Pectoral in SL 

15.0 

17.3 

20.8 

15.0 

Pelvic in SL 

12.6 

12.4 

13.7 

11.3 

Caudal in SL 

23.9 

22.8 

25.6 

20.3 

First Dl spine in SL 

11.6 

13.3 

20.0 

7.5 

Second Dl spine in SL 

11.8 

13.1 

19.4 

6.9 

Third Dl spine in SL 

12.1 

12.7 

13.4 

11.9 
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First dorsal fin plain greyish to black, often slightly 
paler proximally, with broad transparent to translucent 
whitish margin. Second dorsal fin transparent to 
hyaline, with single broad grey to black stripe placed 
at two-thirds height of fin and single row of grey to 
black rounded to oval spots just above fin base, each 
spot placed on membrane before each fin ray. spots may 
partly coalesce in some specimens forming an irregular 
basal stripe. Anal fin variable, either plain translucent, 
white or whitish with series of short dusky broken 
streaks parallel to each fin ray; streaks most pronounced 
posteriorly and in heavily pigmented specimens (e.g. 
breeding males). Caudal fin plain grey to brown, 
without distinct spots; pigment most prominent along 
fin rays. Pectoral fin translucent with narrow lines of 
brown pigment along fin rays. Pelvic fins whitish 
dorsally; ventrally with dusky to brown pigment along 
rays but absent from fin margin; dorsally fins dusky to 
dark brown with broad unpigmented (whitish) margin 
and area over fifth rays unpigmented; anterodorsal part 
of fins darkest. 

Coloration of fresh material. Head and body of 
freshly dead specimens (Figs 4, 5) light greyish to 
pinkish brown, becoming whitish on underside of head, 
belly and caudal peduncle; tiny brown to reddish brown 
spots scattered evenly over head and body, as are pale 
blue iridescent spots or short vertical lines; four to seven 
soft grey-brown forwardly-oblique bars (may be 
incomplete or indistinct) extend along sides from 
dorsum, two partial grey-brown saddles across 
predorsal region. 

First dorsal fin reddish, with broad blackish 
submarginal band and white to pinkish broad fin 
margin. Second dorsal fin whitish to pinkish white with 
broad blackish submarginal band (broader in males than 



Fig. 4. Freshly dead male Periophthalmus murdyi n. sp., from 
Derby, WA. Photograph by T. Takita. 


in females) and whitish margin; basal third to half of 
fin pale dusky with short greyish to blackish streak or 
oval spot on membrane adjacent to each fin ray, dark 
spots becoming more diffuse posteriorly. Anal fin 
whitish in females, dusky to charcoal grey in males; 
ray tips yellowish to pinkish yellow. Caudal fin 
membranes translucent, fin rays pinkish brown to pale 
greyish brown on dorsal half of fin, dusky grey to dark 
grey on ventral half; ray tips on ventral half of fin fleshy 
pink to yellowish pink; about 10 irregular vertical rows 
of dusky grey spots, coalescing with background colour 
on ventral half of fin. Pectoral fins translucent pinkish 
orange to greyish orange. Pelvic fins in female greyish 
orange, duskier dorsally; in males, pelvic fins grey to 
charcoal grey with pinkish orange to greyish orange 
frenum and fin ray tips. 

Live specimens from the Roper River were noted 
only as being ‘Fawn with fine sky blue spots over sides 
of head and body' (H. Larson, field notes). Figure 6 
shows these fine spots on a living fish from Derby. WA. 

Distribution. North-western Australia; known from 
Derby. WA. to Roper River, NT. The ecology of this 
species will be discussed by Takita (in prep.). 

Remarks. This species resembles P. modestus 
Cantor, 1842, which is known from southern China, 
Korea and southern Japan. It can be separated from 
P. modestus by the placement of the basal row of dusky 
spots in the second dorsal fin (spots on membrane in 
P. murdyi and spots on fin rays themselves in 
P. modestus ); darkly pigmented pelvic fins, a narrower 
and more pointed caudal fin (caudal fin in P. modestus 
is broader and more rounded, especially in large adults; 
Fig. 8A-C), slightly lower lateral scale count (71-112 
with mean of 81, versus 75-100 with mean of 85 in 
P. modestus ), slightly lower dorsal spine count 
(IX-XIV, mean XI, in P. murdyi versus X-XVII, mean 
XIII, in P. modestus ) and smaller size (the largest 
P. murdyi we examined was 47.5 mm SL, while the 
largest recorded P. modestus is 80.2 mm SL (Lee et al. 




Fig. 5. Freshly dead female Periophthalmus murdyi n. sp., from Fig. 6 . Live Periophthalmus murdyi n. sp.. on mud bank in Derby 
Derby, WA. Photograph by T. Takita. harbour, WA. Photograph by T. Takita. 
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1995). The dorsal pterygiophore patterns differ (although 
are variable) between the two, e.g. Murdy reported seven 
specimens of P. modestus with 3-131100 pattern, while 
only one P. murdyi had this pattern (nine had 3-1311000). 
Additionally, three specimens of P. modestus reported 
by Murdy (1988) and four specimens examined by us, 
had the pattern 3-1301000 (this pattern also reported for 
P. modestus by Lee et al. 1995), which was not observed 
in any ol the 17 specimens of P. murdyi in which the 
pterygiophore insertion pattern could be easily seen (it 
is difficult to take successful radiographs of 
Periophthalmus specimens, due to their stiff pectoral fin 
base and fin). Periophthalmus murdyi co-occurs with 
P. novaeguineaensis, but differs from that species by its 
high lateral scale count (71-112 versus only 50-65 in 
P novaeguineaensis) and single dark stripe and row of 
basal dark spots on second dorsal fin (versus two black 
stripes and basal row of dark spots on second dorsal fin 
in P. novaeguineaensis). 

Of the specimens reported as P. novaeguineaensis 
by Murdy (1989), one lot of 17 specimens is P. murdyi 
(NTM S. 10426-002). 

Etymology. Named for our goby colleague Edward 
Murdy, in appreciation of his considerable work on 
mudskipper taxonomy and relationships. 

Periophthalmus novaeguineaensis Eggert, 1935 
(Figs 7E,F, 9; Tables 5, 6) 

Material examined. NTM S. 10418-004, 13(32— 
71), flat mangrove area at Camerons Beach, Shoal Bay, 
NT, HL 82-5, H. Larson, 26 February 1982; NTM 
S. 10410-003, 4(28-30), upstream from Spot On 
Marine, Ludmilla Creek, Darwin, NT, HL 81-51, 
H. and J. Larson, 29 December 1981; NTM S. 13475- 


001. 1 (70), mangroves to left of Channel Island bridge, 
Darwin Harbour, NT, site 3, M. Burke, 3 July 1991; 
NTM S.10421-002, 1(59.5), mud banks on small 
peninsula near Elizabeth River mouth. Darwin Harbour, 
NT, HL 82-8, H. Larson and R. Hanley, 29 March 1982; 
NTiM S. 13496-003, 1(57), mangroves by Channel 
Island bridge, Darwin Harbour, NT, site 3, M. Burke, 
18 March 1992; NTM S.15492-002, 2(39-65), 
mangroves at Charles Darwin National Park, Darwin 
Harbour, NT, K. Metcalfe, August 2001; NTM 
S. 14637-032, 5(23-64), mud and gravel substrate over 
rocky reef at south end Field Island, NT, RW 98-7, 
R. Williams and party, 27 May 1998. 

Diagnosis. The diagnosis and description presented 
is based only on available northern Australia material, 
as it was not possible to re-examine (to verify their 
identity) all the specimens that Murdy used. 

A stocky Periophthalmus (body depth at anal fin 
origin 11.8-19.0% ofSL, mean 15.6%), nearly always 
with VIII first dorsal fin spines; first dorsal fin broadly 
rounded; gap between dorsal fins 3.0-8.1% of SL; 
pelvic fins united for half their length, distinct fraenum 
present, posterior tips of fins rounded, fifth pelvic ray 
branching about 5 times, first branch point about 
halfway up ray; first dorsal fin entirely plain grey to 
blackish in preservative, often only with tips whitish; 
second dorsal fin with two black bands, one 
submarginal and one medial, and a basal row of black 
spots or blotches; no markings on anal fin; pelvic fins 
whitish, sometimes with a few brownish speckles along 
fin rays on dorsal surface of fin; when alive, warm 
brown and dark orange spots on side of head, becoming 
fewer on side of body, spots persist in preservative; 
second dorsal and anal fins 1,12; pectoral rays modally 



Fig. 7. Pelvic fin structure of several species of Periophthalmus, showing differences in fin shape and amount of membrane joining fifth 
pelvic fin rays. A, P. darwini n. sp., ventral view of pelvic fins; B. P. darwini n. sp., ventral view of excised pelvic fins, showing ray 
branching; C, P. murdyi n. sp., ventral view of pelvic fins; D, P. murdyi n. sp.. ventral view of excised pelvic fins, showing ray branching; 
E, P. novaeguineaensis, ventral view of pelvic fins; F, P. novaeguineaensis, ventral view of excised pelvic fins, showing ray branching. 


181 





H. K. Larson and T. Takita 



Fig 8. Caudal tins of Periophthalmus modeslus (A-C) and P. murdyi 
n. sp. (D-G), showing differences in shape. 


14; caudal fin with 11-15 branched rays, typically in 
7/6 pattern; lateral scales 50-65; predorsal scales 
23-32. 

Description. Based on 25 specimens, 31-70.5 mm 
SL. 

First dorsal fin VII-IX, usually VIII: second dorsal 
fin 1,11-12, usually 1,12; anal fin 1,10-12, usually 1,12; 
pectoral rays 13-15, usually 14; caudal fin segmented 
rays 17, in 9/8 pattern, with branched rays in 6/5 to 
7/8 pattern; lateral scales 50-65, mean 57; TRB 16-22; 
TRF 18-25: predorsal scales 23-32, mean 27 (Table 5). 

Robust in appearance; reaching moderately large 
size, up to 70.5 mm SL (mean length 49 mm). Head 
length 22.4-35.6% of SL; head depth always greater 
than head width. First dorsal fin tall, broad and rounded, 
spines falling short of second dorsal fin origin: first or 
second spine usually longest. Short gap between dorsal 
fins, mean 4.9% of SL. Second dorsal taller than anal 
fin, but always lower than first dorsal, posteriormost 
rays of second dorsal reach to first few upper procurrent 
rays of caudal fin when depressed; distance between 
posteriomost second dorsal fin ray and caudal fin base 
10.7-20.0% of SL (Table 6). Pelvic fins united for about 
half their length, distinct frenum present, posterior tips 
of fins rounded, fourth and fifth pelvic rays about equal 
in length; fifth ray branching about five times with first 
branch point about halfway up ray. Males with larger 
first dorsal fins than females and a shorter gap between 
dorsal fins. Females with short blunt cylindrical genital 
papilla; papilla in males flattened, rounded to pointed, 
usually somewhat elongate. 


Table 5. Counts and measurements of specimens of Periophthalmus 
novaeguineaensis. 



Mean 

Max. 

Min. 

Mode 

First dorsal fin spines 

8.1 

9.0 

7.0 

8.0 

Second dorsal fin rays 

12.0 

12.0 

11.0 

12.0 

Anal fin rays 

11.9 

12.0 

10.0 

12.0 

Pectoral rays right 

13.9 

14.0 

13.0 

14.0 

Pectoral rays left 

13.9 

15.0 

13.0 

14.0 

Caudal segmented 

16.6 

17.0 

15.0 

17.0 

Caudal branched 

12.6 

15.0 

11.0 

13.0 

Lateral scales 

57.3 

65.0 

50.0 

57.0 

Transverse rows back 

19.2 

22.0 

16.0 

20.0 

Transverse rows forward 

20.4 

25.0 

18.0 

20.0 

Predorsal scales 

26.9 

32.0 

23.0 

26.0 

Standard length 

49.2 

70.5 

31.0 

34.5 

Head length 

14.0 

20.0 

9.3 

13.2 

Head width 

8.9 

12.7 

5.8 

8.4 

Head depth 

10.1 

15.6 

7.2 

7.6 

Body depth at anal base 

7.6 

10.4 

4.8 

6.6 

Body depth at pelvic base 

9.5 

14.3 

6.2 

8.4 

Length before D1 

17.8 

25.9 

11.1 

13.3 

D1 base length 

9.4 

13.0 

4.9 

11.5 

Distance between dorsals 

2.3 

3.9 

1.3 

2.4 

D2 base length 

12.0 

18.4 

7.1 

14.9 

Length behind D2 

7.7 

12.8 

4.8 

6.8 

Anal base length 

10.0 

13.6 

6.1 

13.4 

Caudal peduncle length 

8.9 

13.2 

5.3 

8.8 

Caudal peduncle depth 

5.0 

7.0 

3.4 

3.7 

Depressed D1 

10.4 

15.1 

4.9 

13.1 

Pectoral base height 

3.9 

6.1 

2.5 

5.2 

Pectoral length 

9.7 

14.9 

6.2 

8.0 

Pelvic length 

5.8 

8.3 

4.5 

4.9 

Caudal length 

12.4 

18.2 

8.5 

9.3 

First D1 spine 

8.2 

12.7 

3.3 

4.5 

Second D1 spine 

8.2 

12.8 

3.4 

- 

Third Dl spine 

7.7 

12.3 

3.7 

8.4 


Coloration of preserved material. Figure 41 and 
plate 2F in Murdy (1989) show typical coloration; 
especially the second dorsal fin pattern in plate 2F. 

Head and body light brown, usually with five dark 
brown saddle-like blotches across dorsum: first at first 
dorsal fin origin, second at rear end of first dorsal, third 
at centre of second dorsal fin base, fourth at rear end 
of second dorsal fin and fifth across middle of caudal 
peduncle; blotches extend ventral ly to mid-lateral line 
or a little further, may branch ventrally; blotches often 
diffuse or indiscernible. Dark brown rounded spots 
scattered over side of head and body; smaller spots also 
present on head. Ventral half of body often paler, 
usually with short whitish vertical lines along lower 
side of body; some specimens with small white or 
silvery while spots on side of body, on opercle and 
sometimes on pectoral fin base. 

First dorsal fin grey to blackish, may become darker 
distal ly; fin spines and narrow margin of fin 
unpigmented. Second dorsal fin with two black bands, 
with melanophores on rays where bands cross them, 
one band submarginal and one medial, and a basal 
broken black line or row of black blotches, width of 
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Table 6. Morphometries of specimens of Periophthalmus 
novaeguineaensis, expressed as percentage of standard length (SL) 
or head length (HL). 



Mean 

Max. Min 


HL in SL 

28.6 

35.6 

22.4 

HD in HL 

63.9 

70.1 

56.0 

HW in HL 

72.9 

80.5 

58.3 

BD at A base in SL 

15.6 

19.0 

11.8 

BD at P2 base in SL 

19.2 

24.4 

14.2 

Length anterior to D1 in SL 

36.4 

41.5 

28.5 

Dl base length in SL 

19.0 

22.3 

15.5 

Distance between dorsal 
fins in SL 

4.9 

8.1 

3.0 

D2 base in SL 

24.4 

30.5 

17.5 

Distance from D2 last ray 
to caudal in SL 

15.6 

20.0 

10.7 

A base in SL 

20.5 

25.9 

14.3 

CPL in SL 

18.3 

22.5 

13.3 

CPD in SL 

10.3 

12.4 

7.6 

Depressed D1 in SL 

20.6 

28.8 

15.7 

Pectoral base in SL 

8.0 

9.5 

5.8 

Pectoral in SL 

19.7 

24.6 

16.0 

Pelvic in SL 

12.0 

14.8 

8.5 

Caudal in SL 

25.3 

30.5 

16.6 

First D1 spine in SL 

16.3 

22.5 

10.6 

Second Dl spine in SL 

16.1 

20.8 

11.0 

Third D1 spine in SL 

15.8 

19.4 

11.9 


transparent interspaces about equal to width of the two 
black bands. Anal fin plain whitish or translucent, 
occasionally a few melanophores present. Caudal fin 
plain dusky, often with scattered dusky spots that may 
form irregular rows. Pectoral fin dusky, darker along 
edges of rays, tips unpigmented. Pelvic fins whitish, 
sometimes with a few brownish speckles along fin rays 
on dorsal surface of fin. 

Coloration of fresh material. Coloration of a 
freshly dead specimen from Darwin is shown in 
Figure 9. Live specimens have a yellow to pale yellow 
anal fin, reddish first dorsal fin and dark orange spots 
along the lower half of the head and body. 

Distribution. Known from West Papua (Merauke), 
Papua New Guinea (Fly River) and north-western 
Australia (Port Hedland to Townsville). 

Remarks. We were able to examine notes on the 
lectotype of Periophthalmus novae guineaensis (ZMA 
112.945), made by Ed Murdy, as the specimen was not 
available for study. 



Fig. 9. Freshly dead specimen of Periophthalmus novaeguineaensis , 
from Ludmilla Creek, Darwin, NT. Photograph by T. Takita. 


The holotype of Periophthalmus expeditionium 
Whitley, 1953 (AMS 1.6195), synonymised with 
P. novaeguineaensis by Murdy (1989), was examined 
during this study to determine if it shared characters 
with P. darwini or P. murdyi. It appears to be more 
similar to P. novaeguineaensis in body proportions and 
form of the pelvic fin and its rays, but differs from that 
species in having XI first dorsal spines (versus VIII, 
rarely IX) and more lateral scales (78, versus 50-65). 
We recognise it here as a possible separate species, 
which should be compared with other specimens from 
the Gulf of Carpentaria (its type locality is Karumba). 
Whitley also had two small paratypes from the Forrest 
River area, WA, of which one of these had a “minute 
spinous dorsal fin” (Whitley 1953). This specimen could 
be P. darwini. 

The 41 specimens from Gunn Point, NT (NTM 
S. 10694-001), identified by Murdy (1989) as 
P. novaeguineaensis were found to consist of 14 
specimens of P. darwini and 27 specimens of an 
unidentified species resembling P. novaeguineaensis 
but differing in having many fine dark brown spots (not 
scattered large dark brown spots) on the head and body 
and in first dorsal fin coloration. Identification of this 
species awaits collection of additional material. 

KEY TO SPECIES 

The two new species, which have a visible pelvic 
frenum, will fall out in Murdy’s key (1989) somewhere 
near couplets 6 and 7 ( P. novaeguineaensis, P. waltoni 
Koumans, 1941, and P. modestus), but are clearly none 
of these species. They also differ from the recently 
described P. spilotus Murdy and Takita, 1999, 
P. magnuspinnatus Lee, Choi and Ryu, 1995 and 
P. walailakae Darumas and Tantichodok, 2002, which 
do not appear in Murdy (1998). We thus have included 
a revised key to all Periophthalmus species, based on 
Murdy’s 1989 key ( n.b . specimens of P. magnuspinnatus 
were not available for study). 

Key to Periophthalmus species 
(modified from Murdy 1989) 

la. Frenum uniting pelvic spines either prominent or 

vestigial, if vestigial, visible without 
magnification.2 

lb. No pelvic frenum or, if present, visible only with 

magnification.13 

2a. Innermost pelvic fin rays of both fins joined by 
membrane for entire length to form a rounded disk 

.3 

2b. Innermost pelvic fin rays of both fins not joined 
by membrane for entire length, no disk present. 

.5 

3a. D2 and A rays greater than 1,10 and 1,9, 
respectively; distal margin of D1 straight.4 
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3b. D2 rays 1,10; A rays 1,8-10; distal margin of DI 

rounded (Thailand to Singapore). 

..P. walailakae Daruntas and Tantichodok, 2002 
4a. When alive, whitish to bluish-white spots present 
on head and body; D2 with 1,13, rarely 1.14, rays; 
A with 1,12-14 rays (Sumatra, peninsular 

Malaysia). 

. P. spilotus Murdy and Takita, 1999 

4b. When alive, orange spots present on head and 
body; D2 with 1,11-12 rays; A with 1,10-12 rays 

(India to Java). 

. P. chrysospilos Bleeker. 1852 

5a. Spinous dorsal fin with numerous white or black 

spots.6 

5b. Spinous dorsal fin with few or no spots.8 

6a. Pelvic frenum prominent; Dl IX-XI, usually IX- 
X; longitudinal scale count typically fewer than 

70.7 

6b. Pelvic frenum vestigial; Dl XI-XV; longitudinal 
scale count 66-86, averaging 75 (east Africa to 

western Pacific). P. kalolo Lesson, 1830 

7a. Dl with black spots (orange when live), ventral 
margin of gill cover often blackish; longitudinal 
scale count 61-76: D2 rays 1.12-13: A rays 1,11- 

13 (India to Philippines). 

. P. novemradiatus (Hamilton, 1822) 

7b. Dl with many small white spots, ventral margin 
of gill cover same colour as rest of head; 
longitudinal scale count 47-61, usually fewer than 
60; D2 rays I, 10-11; A rays 1,10-11 (Indonesia, 

Philippines). P. malaccensis Eggert, 1935 

8a. Dl fin greatly reduced in both sexes, with wide 
gap (always greater than Dl base) between rear 
of Dl and D2 origin; Dl with IV-VI spines, 

usually V (north-western Australia). 

. P. danvini n. sp. 

8b. Dl fin may be small in females, but gap between 
dorsals always narrower than Dl base; Dl with 

V-XVII spines, typically IX or more.9 

9a. Longitudinal scale count 90-120; D2 1.12-13; Dl 
mostly plain grey with narrow black margin or row 
of small black spots (Arabian Gulf to Pakistan) 

. P. waltoni Koumans, 1941 

9b. Longitudinal scale count usually fewer than 90; 
D2 usually 1,12-13 or fewer; D1 plain blackish or 
with white margin, with or without inframarginal 

dark stripe.10 

10a. Longitudinal scale count usually more than 80; in 
preserved adults, only 1 submarginal dusky stripe 
on D2 (either black or brown), may also be row 
of dark spots close to base of fin. 1 I 


10b. Longitudinal scale count 50-65; in preserved 
adults, 2 solid black stripes on D2 as well as a 
partial row of dark spots along base of fin 
(southern New Guinea to northern Australia).... 

. P. novaeguineaensis Eggert, 1935 

11a. Dl large in adults, height greater than body depth, 
margin convex; prominent submarginal black 

band in Dl (Korea)... 

. P. magnuspinnatus Lee, Choi and Ryu. 1995 

lib. Dl low to moderate, height less than or subequal 
to body depth; submarginal dark band in Dl 

variable in intensity.12 

12a. Round to oval dusky spots, in row along base of 
second dorsal fin, placed on membrane between 
rays; broad dark stripe on second dorsal fin located 
at 2/3 of fin height; caudal fin rather narrow and 

pointed posteriorly (northern Australia). 

. P. murdyi n. sp. 

12b. Round dusky spots, in row along base of second 
dorsal fin, placed on fin rays; broad dark stripe 
on second dorsal fin located at mid-point of fin; 
caudal fin broad and rounded posteriorly (China 

to Japan). P. modestus Cantor, 1842 

13a. Dl and D2 contiguous in adult males, Dl greatly 
reduced in females, barely perceptible in some; 
D2 lacking stripes (Papua New Guinea and 

Australia). P weberi Eggert, 1935 

13b. Dl and D2 not contiguous but may be close 
together in males and females, Dl not reduced in 

females; D2 with single dusky stripe.14 

14a. Dl with white or black spots; longitudinal scale 

count usually fewer than 90.15 

14b. Dl lacking spots or occasionally with a few white 
spots posteriorly; longitudinal scale count usually 

more than 90 (tropical west Africa). 

. P. barbarus (Linnaeus, 1766) 

15a. Dl rounded with prominent black spot posteriorly; 
Dl usually X or fewer (Malaysia, Indonesia, 

Australia, Philippines). 

. P. gracilis Eggert, 1935 

15b. Dl pointed and lacking black spot posteriorly; Dl 

usually more than X.16 

16a. Dl with prominent black stripe inframarginally; 
ventral peritoneum densely black; longitudinal 
scale count usually 75 or more (western Indian 

Ocean to Oceania). 

. P. argentilineatus Valenciennes, 1837 

16b. Dl with light-brown stripe inframarginally; ventral 
peritoneum lightly pigmented medially; 
longitudinal scale count usually fewer than 75 
(Andaman Islands, Thailand, Indonesia, Australia, 
Philippines). P minutus Eggert, 1935 
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ABSTRACT 

Egg carrying by male nurseryfish, Kurtus gulliveri Castelnau, 1878, is often cited in literature reviews of parental 
care, but rarely witnessed in nature. During 20 field trips in October and November 2003, and eight trips in July and 
August 2004, 988 nurseryfish (70% male, 30% female) were collected by gill netting in Marrakai Creek, a tributary 
of the Adelaide River 65 km east of Darwin. Northern Territory. Seven egg masses (six unfertilized and one containing 
eyed embryos) were caught during 2003 in the nets, stripped from the male’s supraoccipital hook by the mesh. This 
demonstrates that eggs become attached to the male before fertilization. We observed males carrying eggs, and we 
witnessed the subsequent detachment of the egg inass. Two unfertilized and six fertilized egg masses were caught in 
gill nets in 2004. A table of 29 other species that were caught with Kurtus is provided. This includes 31 specimens of 
the undescribed speartooth shark, Glyphus sp. A. The polynemid, Eleutheronema tetradactylwn, regurgitated a partially 
digested nurseryfish, and a barramundi, Lutes calcarifer, had a nurseryfish in its stomach. These represent the first 
records offish predation on Kurins gulliveri. A nurseryfish specimen with a minute left pupil is illustrated for the first 
time - a teratological phenomenon known as a pin-hole camera eye. In July and August 2004 electrofishing in 
Marrakai Creek and Beatrice Creek was carried out in an attempt to collect males with intact egg masses. This 
technique was very effective for barramundi but not for nurseryfish. Water chemistry data are presented showing that 
this region of the Adelaide River is of low conductivity and high turbidity. 

Keywords: Adelaide River. Northern Territory, eggs, egg mass, electrofishing, embryos, forehead brooding, Kurtus gulliveri, 
nurseryfish, parental care, pin-hole camera eye. 


INTRODUCTION 

Kurtus gulliveri Castelnau, 1878, is remarkable for 
its bizarre method of parental care. The male carries a 
fertilized egg mass on a supraoccipital hook (Berra and 
Humphrey 2002; Berra and Neira 2003). This has been 
termed ‘forehead brooding’ by Balon (1975) and has 
earned the common name of nurseryfish for this species. 
This unique phenomenon was first described by Weber 
(1910, 1913). No further illustration of egg-carrying 
males is found in the literature until Allen el al. (2002) 
(reproduced in Berra and Neira (2003)) published a 
photograph of a 'pregnant male’ from New Guinea. As 
far as we can determine, neither Weber’s specimen nor 
the one depicted by Allen et al. was preserved. 

Kurtus gulliveri occurs in coastal rivers of northern 
Australia and southern New Guinea (Berra 2001). Its 
congener, K. indicus, which ranges from India to 
Borneo, is not known to carry eggs (Hardenberg 1936). 


Fieldwork was commenced in 2001 on the Adelaide 
River east of Darwin, Northern Territory (NT) in order 
to understand aspects of the life history of nurseryfish. 
Their diet was shown to be composed of prawns, 
isopods, insect larvae, and small fishes (Berra and Wedd 
2001). The anatomy and histology of the male’s hook 
was studied and various adaptations for egg carrying 
were reported (Berra and Humphrey 2002). For 
example, the epidermis in the cleft of the hook is folded 
into crypts and is devoid of secretory and neurosensory 
cells. The dermis is highly vascularized and 
engorgement of this area with blood may help hold the 
egg mass in place. Berra and Neira (2003) described 
the eggs and larvae and suggested that the spawning 
season coincides with the Dry season (May-November) 
based upon length-frequency distribution of planktonic 
larvae. Berra (2003) compared K. gulliveri and 
K. indicus, and provided a redescription and 
distribution map of K. gullveri, illustrated an egg mass 
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with eyed embryos and estimated that the cluster 
consisted of 900-1300 embryos. The unusual swim 
bladder and ribs of nurseryfish were studied with high 
resolution X-ray tomography and hypothesized to be 
an accessory hearing organ (Carpenter et al. 2004). 
Berra and Aday (2004) described the sagittal otolith of 
Kurtus and determined that most nurseryfish in the 
population were one or two years of age, but a few 
lived to age 4. After one year, females were usually 
larger than males. During the 2001 fieldwork, a partial 
egg mass immediately adjacent to a male (Berra and 
Neira 2003: fig. IB) and three complete egg masses 
were taken from one gill net. presumably dislodged 
from the male’s hook when the fish struck the net. The 
purposes of this paper are to report observations of egg¬ 
carrying by males and natural history notes. 

METHODS 

As in 2001, the principal study site during October- 
November 2003 and July-August 2004 was Marrakai 
Creek (12"40.950’S, 131 ”20.030’E), a major freshwater 
tributary of the Adelaide River 2.5 river km upstream 
from the boat ramp al the Arnhem Highway bridge 
about 65 km east of Darwin. A map of the river system 
is given by Berra (2003). The Top End of the Northern 
Territory around Darwin belongs to the humid tropics 
with a monsoonal climate featuring a Wet and Dry 
season. Nearly 93% of the 1652 mm average rainfall 
occurs from late November to early April (Webb et al. 
1983). Rainfall is minimal during the Dry. Daytime 
maximum temperatures throughout the year in Darwin 
are in the low 30s" C with minimum temperatures about 
25° C in the Wet and 19” C in the Dry. Near the Adelaide 
River study area, minimum air temperatures can be 
considerably lower in the Dry. 

A different technique was utilized for the 2003 
fieldwork in an attempt to prevent the egg mass from 
being ripped from the male’s hook. Instead of setting a 
gill net across the stream as in 2001, either a 2.5 cm or 
a 10.7 cm mesh net 30 m long and 5 m deep was tied 
between two boats. The net was bowed by the incoming 
or outgoing tide while the boats maintained position 
or drifted with the tide as much as 200 m during the 
10-minute set period. The amount of drift was smaller 
during neap tides as opposed to spring tides. We tried 
to achieve a four hour working period, usually about 
two hours on the incoming and two hours on the 
outgoing tide. The tidal regime in the Adelaide River 
is dramatic. The difference between high and low tide 
can be nearly 8 m at the mouth of the river during some 
times of the lunar month. This massive variation is 
mitigated somewhat by a downstream constriction 
known as the “narrows” (Berra 2003: fig. 1) so that 
the tidal variation in Marrakai Creek is not as great as 
predicted in the tide tables, but it still poses a major 


difficulty when setting and tending nets. After each 10- 
minute set the net was retrieved from one boat by 
hauling on the float and lead lines while keeping a bag 
between them. The float and lead lines at the other end 
of the net were tied together to create a purse that could 
retain fish as the net was checked and hauled into the 
boat. 

Larval nurseryfish were sampled on 20 November 
2003 by towing a plankton net (500 pm mesh, 50 cm 2 
mouth) at a depth of approximately 1 m for 20 minutes 
from the boat ramp at the Arnhem Highway bridge to 
the mouth of Marrakai Creek as was done in 2001 
(Berra and Neira 2003). 

Electrofishing fieldwork commenced in July 2004 
in a further effort to collect “pregnant males”. A Smith- 
Root type VI-A boat shocker emitting pulsed direct 
current was used. Reynolds (1996) provided a primer 
on electrofishing and guidelines for its safe and efficient 
use. A Horiba U-10 meter was used to record various 
relevant water chemistry data during electrofishing 
trips. Both banks of a 2-km stretch of Marrakai Creek 
from 12°40.943’S 1 3 1 ”20.04 I’E to 12°40.928’S 
131”I9.848’E were repeatedly shocked on 26, 27,.28 
July 2004 for about four hours each day. 

A 10.2 cm mesh gill net 20 m long and 4 m deep 
was also set across the stream during electrofishing on 
27 and 28 July to sample the fishes in mid-channel. 
Additional netting was carried out on 5. 6, II and 
13 August 2004 with the net mentioned above and a 

10.7 cm x 30 m x 5 m gill net. Beatrice Creek, 12.4 km 
upstream from Marrakai Creek, was shocked and gill 
netted on 9 August. A 2.5 cm mesh gill net was 
employed on 10 August in Marrakai Creek, and a 

17.8 cm gill net was used in Marrakai Creek on 
13 August. 

RESULTS 

Egg Carrying. A total of 698 nurseryfish (72% 
male, 28% female) was caught in the sampling period 
from 3 October through 20 November 2003 on 20 field 
trips. During eight netting trips in late July-August 
2004, 290 nurseryfish (64% male, 36% female) were 
captured. The total for the two years was 988 with 688 
males (70%) and 300 females (30%). The 2.5 cm gill 
net captured an additional 137 nurseryfish. most of 
which were 85-150 mm SL. These specimens were not 
sexed. No fish of any species were caught in the 17.8 
cm mesh net. The vast majority of all specimens were 
released alive. Seven egg masses were caught in the 
gill nets in 2003. One egg mass was pink and contained 
eyed embryos (Fig. I). and six were white (Fig. 2) and 
presumably unfertilized. Unfortunately, all but one 
unfertilized egg mass were detached from the male’s 
hook by the gill net mesh and could not be associated 
with any male. Figure 3 depicts the circumstances that 
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Fig. 1. Pink Kurtus gulliveri egg mass in gill net taken in Marrakai 
Creek on 22 October 2003. Egg mass contained embryos with eye 
spots and tails readily visible under microscope. Eggs about 2 mm 
in diameter. 



Fig. 2. White Kurins gulliveri egg mass in gill net taken in Marrakai 
Creek on 22 October 2003. Egg mass was unfertilized and revealed 
no embryonic structure when viewed under microscope. Eggs 
approximately 2 mm in diameter. 



Fig. 3. Male nurseryfish enmeshed in gill net virtually guaranteeing dislodgement of egg mass. 
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result in detached egg masses (Figs 1, 2). The chances 
of a struggling male retaining an egg mass in the gill 
net are minimal. We observed males carrying eggs 
masses in 2003 and watched with horror as the egg 
mass became detached in the net while the male slipped 
into the water. Figure 4 shows a male and its egg mass 
and illustrates the ease with which an egg mass can 
become detached from the male’s hook. Six pink 
(fertilized) and two white (unfertilized) egg masses 
were caught in 2004. Four fertilized egg masses in the 
net had a male immediately adjacent to them. 

Predation. A gill-netted polynemid, Eleutheronema 
tetradactylum (Shaw), known as the blue salmon or 
the fourfingered thrcadfin, reguritated a semi-digested 
nurseryfish. The nurseryfish was apparently swallowed 
head first since its anterior end was partially digested, 
and the caudal peduncle and tail were intact. The 
identification was immediately obvious from the 
unusual ribs of Kurtus, which were exposed. A 70 mm 
SL partially digested nurseryfish was found in the 
stomach of a 410 mm SL gill-netted barramundi, Lates 
calcarifer (Bloch). These are the first reports of fish 
predation on Kurtus gulliveri. 

During the 2003 fieldwork we caught 31 specimens 
of the undescribed speartooth shark, Glyphis sp. A (Last 
and Stevens 1994) under I m SL. Most were released 
immediately and a few were taken to the Territory 
Wildlife Park Aquarium. It is not unreasonable to 
suggest that this rather common shark could be a 
predator of nurseryfish, although no stomach contents 
were examined. 

Larvae. Only eight larvae were taken in the 
plankton tow on 20 November. Their TL ranged from 
12 mm to 26 mm and the average size was 19 mm. 

Teratology. A 185 mm SL male with a malformed 
eye was captured on 7 October 2003. The right and 
left eye were both of normal size and shape, but the 
left eye had a tiny pupil that measured 25% of the 
corneal length (Fig. 5), while the normal right pupil 



Fig. 4. One of two egg-carrying male nurseryfish (c. 370 mm SL) 
taken by gill netting from Adelaide River on 18 November 2002 
by D. Wedd and staff of Tokyo Sea Life Park showing edematous 
hook from which an egg mass had just detached. Photograph by 
D. Wedd. 



Fig. 5. Pinhole camera eye on left side ot a 185 mm SL male 
nurseryfish. Kurtus gulliveri, from Adelaide River 4 km 
downstream from Arnhem Highway bridge. Specimen in collection 
of first author (TMB03-4). 



Fig. 6. Normal right eye of nurseryfish specimen in Figure 5. 


was 68% (Fig. 6). The lens was absent from the left 
eye. This defect is known as a pinhole camera eye 
(Moore and Curd 1966). 

Associated species. Table 1 lists the fish species 
collected with Kurtus in the freshwater reaches of the 
Adelaide River about 82 river km from the mouth. 
Identifications were confirmed using Allen et al. 
(2002), Carpenter and Niern (1998), Kailola (2000), 
Larson and Martin (1990), and Last and Stevens (1994). 

Electrofishing. Table 2 lists the water chemistry 
parameters important for electrofishing. Adelaide River 
water is of low conductivity and high turbidity. 
Hundreds of barramundi and dozens of archerfish and 
mullet were stunned, especially around woody debris 
and snags, on each 4-hr electrofishing trip. However, 
only five nurseryfish (100-200 mm SL) were recovered 
during three days of intensive shocking. Gill netting in 
the same area on two days produced 42 nurseryfish. 
No nurseryfish were stunned in Beatrice Creek, but 38 
specimens were gill netted. Table 1 indicates the eight 
species collected by electrofishing, all of which were 
previously captured by gill netting. Stunned fish 
recovered and escaped or were released, and netted fish 
were set free. 
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Table 1. Fish species associated with Kurins gulliveri from freshwater reaches of Adelaide River and its tributary Marrakai Creek about 
82 river km upstream from mouth. 


Family 

Species 

Common name 

Carcharhinidae 

Carcharhinus leucas (Valenciennes) 

Bull shark 

Carcharhinidae 

Clyphis sp. A 

Speartooth shark 

Pristidae 

Pristis microdon Latham 

Freshwater sawfish 

Dasyatidae 

Himantura uarnak (Forsskal) 

Reticulate whipray 

Engraulidae 

Thryssa brevicauda Roberts 

Short-tail thryssa 

Engraulidae 

Thryssa marasriae Wongratana 

Marasri's thryssa 

Clupeidae 

Herklotsichthys goloi Wongratana 

Goto’s herring 

Clupeidae 

Nematalosa erebi (Gunther) 

Bony bream 

Ariidae 

Arius armiger De Vis 

Copper catfish 

Ariidae 

Arius diodes Kailola 

Yellow catfish 

Ariidae 

Arius liainesi Kailola 

Haines’s catfish 

Ariidae 

Cinetodusfroggatti Ramsay and Ogilby 

Small-mouthed catfish 

Mugilidae 

*Liza alala (Steindachner) 

Diamond mullet 

Mugilidae 

Liza planiceps (Valenciennes) 

Tade mullet 

Mugilidae 

Liza subviridis (Valenciennes) 

Greenback mullet 

Mugilidae 

Rhinomugil nasutus (De Vis) 

Shark mullet 

Belonidae 

*Strongylura krefftii (Gunther) 

Freshwater longtom 

Hemiramphidae 

Zenarchopterus buffonis (Valenciennes) 

Buffon’s garfish 

Centropomidae 

* Lutes calcarifer (Bloch) 

Barratnundi 

Ambassidae 

*Ambassis interruptus Bleeker 

Long-spined glassperch 

Leiognathidae 

Leiognathus equulus (Forsskal) 

Common ponyfish 

Polynemidae 

Eleutheronema tetradactylum (Shaw) 

Fourfingered threadfin 

Polynemidae 

Polydactylus macrochir (Gunther) 

King threadfin 

Sciaenidae 

Johnius novaeguineae (Nichols) 

Paperhead croaker 

Sciaenidae 

Nibea microgenys Sasaki 

Smalljaw croaker 

Sciaenidae 

Nibea squamosa Sasaki 

Scale croaker 

Toxotidae 

*Toxotes chatareus (Hamilton-Buchanan) 

Seven-spot archerfish 

Gobiidae 

*Glossogobius aureus Akihito and Meguro 

Golden goby 

Kurtidae 

*Kurtus gulliveri Castelnau) 

Nurseryfish 

Soleidae 

*Aseraggodes klunzingeri (Bleeker) 

Tailed sole 

Cynoglossidae 

Cynoglossus heterolepis Weber 

Freshwater tongue sole 


*also collected by electrofishing 


Table 2. Water chemistry parameters relevant to electrofishing in Adelaide River at mouth of Marrakai Creek and Beatrice Creek. Darwin 
tap water is listed for comparison. 


Tide 

Date 

2004 

Time 

Conductivity 

pS/cm 

Turbidity 

NTU 

Temp. 

°C 

D.O. 

mg/1 

Salinity 

ppt 

pH 

units 

outgoing 

26 July 

08:45 

0.616 

155 

23.1 

8.1 

0.2 

8.4 

incoming 

26 July 

13:45 

0.667 

482 

24.1 

8.3 

0.2 

8.4 

outgoing 

27 July 

08:47 

0.626 

370 

23.1 

8.3 

0.2 

8.2 

outgoing 

28 July 

09:00 

0.694 

329 

23.6 

8.1 

0.3 

8.4 

outgoing 

29 July 

11:45 

0.705 

585 

24.6 

8.3 

0.3 

8.2 

incoming 

9 Aug 

11:30 

0.416 

276 

26.2 

8.2 

0.1 

8.1 

Darwin tap water 


0.089 

0 

26.3 

9+ 

0.0 

7.8 


* Beatrice Creek 


DISCUSSION 

Egg carrying. Breder and Rosen (1966) listed 61 
oviparous fish families (out of 246 discussed) with 
representatives that provided some form of care for 
eggs or larvae. Most of this care involves nest- 
guarding behavior. Balon (1975) defined 32 
reproductive guilds of fishes. Egg and larval 
protection is part of the behavioral repertoire 
represented in 26 of the guilds. 


Oral incubation is found in six families 
(Osteoglossidae, Ariidae, Apogonidae, Cichlidae, 
Opisthognathidae, Anabantidae). Brood chambers are 
utilized by three families: Solenostomidae and 
Syngnathidae (pouch brooders) and Amblyopsidae 
(gill-chamber brooders). Balon (1975) described three 
families of skin brooders who carry eggs attached to 
the skin surface (Aspredinidae. Loricariidae, 
Syngnathidae). To this group Pietsch and Grobecker 
(1980, 1987) and Pietsch (1981) have added two 
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species of the anglerfish families Antennariidae and 
Tetrabrachiidae that carry eggs on their skin. Kurtus 
gulliveri is the only known ‘forehead brooding’ 
species. 

Egg carrying by nurseryfish is almost certainly an 
adaptation that protects the vulnerable egg and embryo 
stages from a hostile environment. The severe, twice- 
daily tidal flushing could play havoc with eggs 
deposited on vegetation or in a nest. The tremendous 
silt load in the turbid water could easily smother eggs 
in a nest. An egg mass carried on the male’s hook can 
easily be placed in the optimum temperature and 
oxygen environment where it is protected from tidal 
changes, siltation and predation. Even in rivers less 
hostile than the Adelaide, parental care of an egg mass 
would be expected to confer an advantage. 

We observed males carrying white (unfertilized) egg 
masses, and we caught both white and pink (fertilized) 
masses in the gill nets. This demonstrates that the eggs 
are deposited on the male’s hook before fertilizaton. 
How the egg mass gets on the male’s hook will only be 
known when courtship and spawning are observed in 
captivity. However it is possible to speculate on how 
fertilization takes place. We suggest that the male 
releases a cloud of sperm and swims through it after 
the egg mass becomes attached to his supraoccipital 
hook. If several males in the same area are doing this 
simultaneously, a given egg mass could have multiple 
fathers. Evolutionary theory predicts that males should 
adjust their level of paternal care to their degree of 
certainty of paternity (NclT 2003). DNA paternity 
analysis is necessary to determine if the male 
nurseryfish carrying the embryos is the genetic father 
or if multiple paternity is involved. These studies are 
underway. 

The skewed sex ratio 70:30 in favor of males is 
puzzling. Does the male’s hook make it easier to catch 
in gill nets than the female, or are the females in a 
different locality? Does the excess of males have 
something to do with egg-carrying? There are still many 
things we do not know about the life history of this 
unusual species, but spawning is clearly a Dry season, 
nearly freshwater phenomenon. 

Predation. Eleutheronema tetradactylum and Lutes 
calcarifer are the first reported fish predators of Kurtus 
gulliveri. Berra and Wedd (2001) found no nurseryfish 
remains in the stomach contents of 15 barramundi. 
Davis (1985) examined the diet of L. calcarifer based 
on 3684 specimens from northern Australia and found 
representatives of 14 fish families, but no Kurtus were 
recorded. When the biology of Glyphis sp. A is studied, 
we would not be surprised to find nurseryfish included 
in their diet. 

Larvae. The small number of larvae (N=8) taken 
on 20 November 2003 continued the downward trend 
reported for 2001 by Berra and Neira (2003) for 


4 November (N = 68) and 13 November (N = 29). This 
is interpreted to represent that the end of the spawning 
season coincides with the end of the Dry season in 
November. 

Teratology. A pinhole camera eye was described 
for a white crappie, Pomoxis annularis Rafinesque, 
1818 by Moore and Curd (1966). The pupil diameter 
of the left eye of the crappie was 13.3% of the corneal 
length, and the right eye was 54.5%. In the absence of 
a lens, which normally protrudes through the pupil, the 
iris grows unrestrictedly resulting in a very small pupil. 
It is possible that this tiny pupil could form a useful 
image on the retina as in a pinhole camera. The 
nurseryfish with this abnormality appeared in good 
condition and could apparently find food and avoid 
predation. We do not know if the lens failed to develop 
or was lost through an early injury, but there were no 
signs of trauma to the eye. 

Associated species. A multi-year survey, using a 
variety of gear, during all months of the year in 
tributaries and the main channel is necessary for a 
comprehensive list of species. Likewise a thorough 
larval fish survey of the Adelaide River is likely to yield 
additional species. 

Electrofishing. Very high turbidity combined with 
rapid water flow from tidal movement and current 
combined to reduce electrofishing efficiency. Fishes 
stunned in the Adelaide River are only visible for a few 
seconds and are often swept away or vanish below the 
surface before they can be dip netted. Large scaled fishes 
such as barramundi, mullet, and archerfish, are more 
vulnerable to electrofishing than fine scaled fishes like 
nurseryfish (Reynolds 1996). This technique was highly 
effective for sampling barramundi, but was not of much 
value for collecting nurseryfish which prefer the mid¬ 
water channel to the more easily electrofished banks. 

ACKNOWLEDGMENTS 

This work was supported by small grants from 
The National Geographic Society (grant no. 7550-03), 
the Columbus Zoo and Aquarium. Bioscience 
Productions Inc., the College of Biological Sciences 
of The Ohio State University, and the Mansfield 
Campus of OSU to TMB and was carried out under 
Special Permit No. 2003-2004/S 17/1521 from the 
Director of Fisheries of the Northern Territory. Field 
assistance was provided by Graham White, Roland 
Griffin, and Paul Horner. Nets were kept in good repair 
by Stephanie Boubaris. Valuable logistical support was 
generously provided by The Territory Wildlife Park, 
The Museum and Art Gallery of the Northern Territory, 
and The Department of Business, Industry and 
Resource Development of the Northern Territory. Rex 
Williams and Helen Larson confirmed the identification 
of difficult specimens in Table I. 


192 


Egg carrying in nurseryfish 


REFERENCES 

Allen, G. R., Midgley, S. H. and Allen. M. 2002. Field guide to 
the freshwater fishes of Australia. Western Australian 
Museum: Perth. WA. 

Balon. E. K. 1975. Reproductive guilds of fishes: a proposal 
and definition. Journal of the Fisheries Research Board 
of Canada. 32: 821-864. 

Berra. T. M. 2001. Freshwater fish distribution. Academic Press: 
San Diego. 

Berra. T. M. 2003. Nurseryfish. Kurtus gulliveri (Perciformes: 
Kurtidae), from northern Australia: redescription, 
distribution, egg mass, and comparison with K. indicus 
from southeast Asia. Ichthyological Explorations of 
Freshwater 14: 295-306. 

Berra, T. M. and Aday, D. D. 2004. Otolith description and age- 
and-growth of Kurtus gulliveri from northern Australia. 
Journal of Fish Biology 65: 354-362. 

Berra T.M. and Humphrey. J. D. 2002. Gross anatomy and 
histology of the hook and skin of forehead brooding male 
nurseryfish, Kurtus gulliveri, from northern Australia. 
Environmental Biology of Fishes 65: 263-270. 

Berra, T. M. and Neira. F. 2003. Early life history of the 
nurseryfish, Kurtus gulliveri (Perciformes: Kurtidae), 
from northern Australia. Copeia 2003: 384-390. 

Berra, T. M. and Wedd, D. 2001. Alimentary canal anatomy and 
diet of the nurseryfish, Kurtus gulliveri (Perciformes: 
Kurtidae), from the Northern Territory of Australia. The 
Beagle, Records of the Museums and Art Galleries of the 
Northern Territory 17: 21-25. 

Bredcr, C. M.. Jr. and Rosen. D. E. 1966. Modes of reproduction 
in fishes. Natural History Press: New York. 

Carpenter. K. E.. Berra, T. M. and Humphries, J. M. Jr. 2004. 
Swim bladder and posterior lateral line nerve of the 
nurseryfish. Kurtus gulliveri (Perciformes: Kurtidae). 
Journal of Morphology 260: 193-200. 

Carpenter, K. E. and Niem, V. H. (eds). 1998. FAO species 
identification guide for fishery purposes. The living 
marine resources of the Western Central Pacific. Volumes 
2-6. FAO. Rome. 

Castelnau. F. de. 1878. Australian fishes. New or little known 
species. Proceedings of the Linnean Society of New South 
Wales. 2: 225-248. 


Davis, T.L.O. 1985. The food of barramundi, Fates calcarifer 
(Bloch), in coastal and inland waters of Van Diemen Gulf 
and the Gulf of Carpentaria, Australia. Journal of Fish 
Biology 26: 669-682. 

Hardenberg, J.D.F. 1936. On a collection of fishes from the 
estuary of the lower and middle course of the river Kapuas 
(W. Borneo). Treubia. 15: 225-254. 

Kailola, P. J. 2000. Six new species of fork-tailed catfish (Pisces, 
Teleostei, Ariidac) from Australia and New Guinea. The 
Beagle, Records of the Museums and Art Galleries of the 
Northern Territory 16: 127-144. 

Larson, H. K. and Martin. K. C. 1990. Freshwater fishes of the 
Northern Territory. Northern Territory Museum of Arts 
and Sciences, Handbook Series Number I: Darwin, NT. 

Last. P R. and Stevens, J. D. 1994. Sharks and rays of Australia. 
CS1RO: Hobart. 

Moore, G. A. and Curd. M. R. 1966. A pinhole camera eye in the 
white crappie, Pomoxis annularis. Copeia 1966: 359-360. 

Neff, B. D. 2003. Decisions about parental care in response to 
perceived paternity. Nature 422: 716-719. 

Pietsch, T. D. 1981. The osteology and relationships of the 
anglerfish genus Tetrabrachium with comments on 
lophiiform classification. Fishery Bulletin 79: 387-419. 

Pietsch. T. W. and Grobecker. D. B. 1980. Parental care as an 
alternative reproductive mode in an antennariid 
anglcrsfish. Copeia 1980: 551—553. 

Pietsch. T. W. and Grobecker, D. B. 1987. Frogfishes of the 
world. Stanford University Press: Stanford, CA. 

Reynolds. .1. B. 1996. Electrofishing. In: Murphy, B. R. and 
Willis, D. W. (eds) Fisheries techniques, 2 nJ edition. Pp 
221-253. American Fisheries Society: Bethesda, 
Maryland. 

Webb, G. J. W„ Manolis, S. C. and Sack. G. C. 1983. Crocodylus 
johnswni and C. porosus coexisting in a tidal river. 
Australian Journal of Wildlife Research 10: 639-650. 

Weber, M. 1910. A new case of parental care among fishes. 
Koninklijke Akademie van Wetenschappen te Amsterdam 
13: 583-587. 

Weber, M. 1913. Siisswasserftsche aus Niederliindisch siid-und 
nord-Ncu-Guinea. In: Nova Guinea. Resultats de 
L'Expedition Scientifique Neerlandaise a la Nouvelle- 
Guinee en 1907 et 1909. Zoologie, Leiden 9: 513-613. 
PI. 12-14. 

Accepted 4 October 2004 


193 






















































































































- 

. 



















The Beagle, Records of the Museums and Art Galleries of the Northern Territory, 2004 20 : 195-198 


New records of freshwater fishes from East Timor 

HELEN K. LARSON 1 AND BOB PIDGEON 2 


'Museum and Art Gallery of the Northern Territory 
GPO Box 4646, Danvin NT0801, AUSTRALIA 
helen.larson@nt.gov.au 

2 Environmental Research Institute of the Supervising Scientist 
Department of the Environment and Heritage 
GPO Box 461, Danvin NT0801, AUSTRALIA 
Bob. Pidgeon@deh.gov. au 


In October, 2003, the junior author had the 
opportunity to visit East Timor and collect freshwater 
fishes from several localities: from rivers near Aileu in 
the central mountains across to Lake Ira Lalaro near 
the eastern tip of the island. This collection is 
significant as very little is known of the freshwater fish 
fauna of the island of Timor. Full details of the aquatic 
habitats encountered and their ecology will be 
published separately. 

Few freshwater fishes have ever been reported from 
Timor, and nearly all of them were obtained from 
localities in what is now West Timor in Indonesia or 
with no specific locality provided (e.g. Reuvens 1895: 
Weber and de Beaufort 1912, 1922; Allen 1991). Those 
with localities provided were mostly from around 
Kupang, Atapupu and Atambua. The most useful recent 
summary of Indonesian freshwater fishes (Kottelat et 
al. 1993) did not include Timor in its coverage. The 
provisional checklist of freshwater fishes of Nusa 
Tenggara (Monk et al. 1997) lists a few Timor species, 
but only general locations are provided. Species 
previously known from fresh water in Timor are listed 
in Table 1. 

At present, only one freshwater fish may be endemic 
to the island: Oryzias timorensis (Weber and de 
Beaufort, 1922), described from Mota Talau (near 
Atambua in West Timor). This species was not obtained 
during the present survey. 

The East Timor fishes were obtained from a range 
of habitats, Irom mountain rivers to coastal estuaries 
(Table 1). It must be noted that for some of the species 
listed in the table, the taxonomy of these is not resolved 
and/or the fish are difficult to identify, such as the 
Ireshwater eels Anguilla, species of the goby genus 
Awaous and the sicydiine gobies ( Sicyopterus, 
Stipliodon, Lentipes). 

Twenty-eight species are here recorded for the first 
time lor East Timor. Ten of these have also been 
reported from West Timor. Another 20 species are 
known from West Timor, a number of which are marine 


to estuarine, such as Acanthurus, Liza and 
Atherinomorus. These species numbers are provisional, 
as the identification of the Anguilla and Sicyopterus 
species is uncertain. The present collection includes 
the first record of a freshwater hardyhead (Atherinidae) 
for Timor. This was from a land-locked stream and is 
an undescribed species (Ivantsoff. Larson and Crowley 
in prep.). 

Some of the fishes listed in the table are actually 
marine fish that are known to travel well upstream into 
fresh water for varying periods. As some of these are 
known to travel 200-300 km inland, they are here 
included in the list of freshwater species; Weber and 
de Beaufort (1912) and Allen (1991) treated such 
species similarly in .heir work on New Guinea 
freshwater fishes. 

Indeed, all of East Timor’s freshwater fish fauna is 
essentially marine-derived or has a marine larval stage. 
The fauna (for the whole island) does not include any 
strictly freshwater fish species such as the osteoglossid 
Scleropages (there are at least three species in 
neighbouring regions). A number of Timor fish species 
are restricted to fresh water (such as the two Otyzias, 
the mullet Cestraeus, the jungle perch Kuhlia and most 
of the gobioids) but are widespread in the western 
Pacific and south-east Asian Archipelago. Some of 
these, such as Kuhlia species, are known to spawn in 
estuarine or marine waters. 

The most speciose family of freshwater fishes in 
East Timor is the Gobiidae, which all probably have 
estuarine larvae or the adults migrate to estuaries to 
breed. The stream-gobies of the subfamily Sicydiinae 
(Lentipes, Sicyopterus and Stipliodon) are island 
specialists which are widespread elsewhere in 
Indonesia and New Guinea, with the exception of 
Lentipes. This genus as currently understood consists 
of 11 poorly known species from widely scattered 
localities. The East Timor specimen very probably 
represents an undescribed species. 
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Table 1. Fish species (native and introduced) recorded or recently collected (this survey; localities in bold) from fresh waters of East 
Timor and West Timor (Indonesia), and their preferred habitat types. Previous fish records from fresh waters of Timor are provided with 
specific or general locality information as given in the original report. Nomenclature has been updated where identity is clear: original 
spellings of locations retained. Sources: A = Allen (1991). B = Bleeker (1854, 1857, 1863), C = de Beaufort (1913), D = Weber and de 
Beaufort (1922), M = Monk et al. (1997), R = Reuvens (1895), W = Weber and de Beaufort (1912), f = this survey. 


Family and Species 

Location 

Source 

Habitat types 

Status 

Remarks 

MEGALOPIDAE 

Megalops cyprinoides 

River near Deli 

B, W 

Marine to freshwater 

Native 

Widespread in region 

ANGUILLIDAE 

Anguilla australis 

River near Deli 

B, W 

Freshwater (rivers) 

Native 

Widespread in region 

Anguilla celebesensis 

River Bele, District Amanzebang 

W 

Freshwater (rivers) 

Native 

Widespread in region 

Anguilla marmorata 

Lake Nefko near Oikabiti; 
lake near Baun; Noil Besi; 

River Bele; Vero River 

R, W, t 

Freshwater (rivers) 

Native 

Widespread in region 

Anguilla reinhardtii 

Tcliino River 

.L 

T 

Freshwater (rivers) 

Native 

Australian species 

CYPR1NIDAE 

Cyprinus carpio 

CLARIIDAE 

Mota Dai Soli (Laclo River) 

•L 

T 

All freshwater habitats 

Feral 

Widely introduced 

Clarias gariepinis 

POECILIIDAE 

Lake Ira Lalaro 

T 

All freshwater habitats 

Feral 

Widely introduced 

Gambusia affinis 

Irasit|uero River; 

Baucau spring; Mota Dai 

Soli (Laclo River); Mota 
Monofonihun (Laclo River) 

t 

All freshwater habitats 

Feral 

Widely introduced 

Poecilia reticulata 

Baucau spring; Mota 
Monofonihun (Laclo River) 

T 

All freshwater habitats 

Feral 

Widely introduced 

ADRIAN1CHTHY1DAE 

Aplocheilus panchax 

Laleia River; Mota 

Monofonihun (Laclo River) 

t 

All freshwater habitats 

Feral 

Widely introduced 

Oryzias celebensis 

River Mota Talau area 

w 

Freshwater 

Native 


Oryzias timorensis 

mid-Timor, Mota Talau; Timor 

D,M 

Freshwater 

Native 

Endemic? 

ATHERINIDAE 

Atherinomorus lacunosus 

River near Deli 

B, W 

Estuarine to freshwater 

Native 

Widespread in region 

Crateroceplialus sp. 

Irasequero River 

J. 

T 

Freshwater; clear rivers 

Native 

Undescribed species 

SYNGNATHIDAE 

Micropbis retzii 

Timor 

C 

Freshwater 

Native 

Widespread in region 

AMBASS1DAE 

Ambassis buruensis 

River near Kupang; Timor 

W, M, A 

Estuarine to freshwater 

Native 

Widespread in region 

Ambassis dussumieri 

Timor 

C 

Estuarine to freshwater 

Native 

Widespread in region 

Ambassis macracanthus 

River Konino, neighbourhood 
of Kupang; Vero River 

W, t 

Freshwater to estuarine 

Native 

Widespread in region 

Ambassis miops 

Vero River 

t 

Freshwater to estuarine 

Native 

Widespread in region 

Ambassis urotaenia 

Vero River 

t 

Estuarine to freshwater 

Native 

Widespread in region 

SERRANIDAE 

Epinephelus malabaricus 

Timor 

c 

Marine to estuarine 

Native 

Widespread in region 

TERAPONT1DAE 

Mesopristes argenteus 
Mesopristes cancellatus 

Vero River 

Noil Aplaal 

t 

w 

Estuarine to freshwater 

Native 

Widespread in region 

Terapon jarbua 

River near Kupang; 

Vero River 

w, f 

Estuarine to freshwater 

Native 

Widespread in region 

CARANGIDAE 

Caranx sexfasciatus 

River near Deli 

B, W 

Marine to estuarine 

Native 

Widespread in region 
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Family and Species 

Location 

Source 

Habitat types 

Status 

Remarks 

LUTJANIDAE 

Lutjanus argentimaculatus 

Timor 

C 

Marine to freshwater 

Native 

Widespread in region 

Lutjanus fiiscescens 

Mota Berluli; Timor 

W, M 

Estuarine to freshwater 

Native 

Widespread in region 

GERREIDAE 

Gerres filamentosus 

Vero River 

t 

Estuarine to freshwater 

Native 

Widespread in region 

KUHLIIDAE 

Kuhlia marginata 

River Konino, neighbourhood 
of Kupang; Noil Bidjeli; Noil 
Aplaal; Tchino River 

w, f 

Freshwater to estuarine 

Native 

Widespread in region 

Kidilia rupestris 

Timor Kupang; Noil Aplaal 

B, W 

Freshwater 

Native 

Widespread in region 

TOXOTIDAE 

Toxotes jaculatrix 

Timor-Delhi 

B 

Freshwater to estuarine 

Native 

Widespread in region 

SCATOPHAGIDAE 

Scatophagus argits 

Timor 

C 

Estuarine to freshwater 

Native 

Widespread in region 

CICHLIDAE 

Oreochromis mossambica 

Lake Ira Laloro; Irasiquero 

t 

Freshwater to estuarine 

Feral 

Widely introduced 

MUGILIDAE 

Cestraeus goldiei 

Noil Bidjeli; Timor 

W, M, A 

Freshwater to estuarine 

Native 

Widespread in region 

Liza subviridis 

River near Deli 

B, W 

Marine to estuarine 

Native 

Widespread in region 

Valamugil (selieli)'! 

ELEOTRIDAE 

River Konino, 
neighbourhood of Kupang 

W 

Marine to estuarine 

Native 

Widespread in region 

Belobranchns belobranchus 

River Konino, neighbourhood 
of Kupang; Tchino River 

W,t 

Freshwater to estuarine 

Native 

Widespread in region 

Biinaka gyrinoides 

Mota Berluli; Noil Enl'ut; 

Tchino River; Vero River 

w, t 

Freshwater to estuarine 

Native 

Widespread in region 

Eleotris fusca 

River near Atapupu; Tchino 
River; Vero River; 

Laclo River 

w, t 

Freshwater to estuarine 

Native 

Widespread in region 

Eleotris melanosoma 

Atapupu 

B 

Freshwater to estuarine 

Native 

Widespread in region 

Giuris margaritacea 

River near Deli; river near 
Atapupu; Mota Berluli; 

Vero River 

B, W, f 

Freshwater to estuarine 

Native 

Widespread in region 

Ophiocara porocephala 

Timor 

C 

Freshwater to estuarine 

Native 

Widespread in region 

GOBIIDAE 

Awaous melanocephalus 

River Konino, neighbourhood 
of Kupang; Mota Berluli; Noil 
Enfut; Laleia River; 

Tchino River 

w, t 

Flowing freshwater 

Native 

Widespread in region 

Glossogobius celebius 

River near Kupang; River 

Konino; Mota Berluli 

w 

Estuarine to freshwater 

Native 

Widespread in region 

Lentipes sp. 

Tchino River 

t 

Flowing freshwater 

Native 

Undescribed species 

Mugilogobius cavifrons 

Irasiquero River 

t 

Freshwater to estuarine 

Native 

Widespread in region 

Perioplulialmus argentilineatus 

Vero River 

t 

Estuarine to freshwater 

Native 

Widespread in region 

Pseudapocryptes bomeensis 

Timor 

M 

Estuarine to freshwater 

Native 

Widespread in region 

Redigobius cf bikolanus 
Sicyopterus cynocephalus 

Vero River 

Noil Enfut; Noil Besi 

t 

w 

Flowing freshwater 

Native 

Possibly undescribed 

Sicyopterus hageni 

Timor; Laclo River 

M, A, | 

Flowing freshwater 

Native 

Widespread in region 

Sicyopterus micrurus 
Sicyopterus wichmanni 

Mota Dai Soli (Lado River) 

River near Kupang 

t 

W 

Flowing freshwater 

Native 

Widespread in region 

Stiphodon cf atratus 

Laclo River; Vero River 

t 

Flowing freshwater 

Native 

Possibly undescribed 

ACANTHURIDAE 

Acahthurus nigrofuscus 

River near Deli 

B,W 

Marine 

Native 

Widespread in region 

ANABANTIDAE 

Anabas testiulineus 

Near Amarassi 

R 

Freshwater 

Native 

Widespread in region 
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The known fish fauna of the whole island of Timor 
is interesting in that it lacks many Australia-New 
Guinea groups that might be expected due to its 
proximity to the region; this was first noted by Weber 
and de Beaufort (1912). There are no ariids, plotosids, 
melanotaeniids, pseudomugilids or centropomids, and 
no eleotrids of the Mogurnda or Oxyeleotris reported, 
all of which are widespread and speciose within 
Australia and New Guinea. Timor’s freshwater fauna 
does include a few species which are not represented 
in Australia or New Guinea, such as Anctbas 
testudineus and Oryzicis celebetisis (de Beaufort 
1913). Also, some South-east Asian groups (other than 
introductions) are also missing, such as cyprinids and 
anabantoids, and there are no siluriforms at all 
(bagrids, silurids, akysids). Further sampling of 
freshwater fish should clarify the faunal assemblage 
present in East Timor. 

One striking feature of the fish list in Table I is that 
the introduced species were all found during the recent 
survey and were not known previously from the island 
of Timor. The two poeciliids and the cichlid in 
particular cause concern, as these are prolific breeders 
and aggressive in behaviour, thus having a competitive 
advantage over native fishes. It is to be hoped that no 
additional non-native species are found with further 
work in the region. 
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ABSTRACT 

Proablepharus naranjicaudus sp. nov. (Squamata: Scincidae), is distinguished from all its known congeners in having 
supraoculars four, first two contacting frontal; frontoparietals and interparietal fused into a single scale; supraciliaries 
usually six; upper preocular small or absent; postsupralabials usually one, and subdigital lamellae of pes tri-mucronate. 
Juveniles have striking pale and dark stripes through Ihe centre of each dorsal scale and a orange tail; both pattern 
elements may become muted in adults. The species is apparently endemic to areas ol cracking-clay soils in the Ord- 
Victoria region of the north-western part of the Northern Territory. A key to the species in the genus is provided. 

Keywords: Northern Territory, Proablepharus, Scincidae, skink, taxonomy. 


INTRODUCTION 

There are currently two undescribed species of 
skinks from northern Australia that are similar to 
Proablepharus kinghorni (Copland, 1947) from the 
interior of north-eastern Australia. One of these 
undescribed species occurs in the north-western part 
of the Northern Territory and the other occurs in a small 
area of north-eastern inland Queensland. In this paper, 
we describe the species from the Northern Territory. 

We describe the species in the genus Proablepharus 
on the basis of its overall similarity to Proablepharus 
kinghorni. However, both the Northern Territory 
species and the one from Queensland have the 
frontoparietals and interparietal fused into a single 
scale. This condition is unique in Proablepharus and 
calls into question the difference between this genus 
and the closely related Morethia, a group that also has 
the frontoparietals and interparietal fused into a single 
scale. A preliminary cladistic analysis of all the species 
in both genera raised the possibility, but not the 
certainty, that neither group is monophyletic. Because 
the morphological data are currently insufficient to 
resolve the problem, we leave it to the future and use 
the existing taxonomy to describe the new species. It 
should be noted that in the standard keys that might be 


used to identify specimens of either the Northern 
Territory or Queensland species (Horner 1991; Storr 
et al. 1999; Cogger 2000), both would key to the genus 
Morethia due to their fused frontoparietals and 
interparietal. 

METHODS 

A detailed morphometric and meristic analysis was 
made of the 19 specimens available of the undescribed 
species of Proablepharus from the Northern Territory. 
Snout-vent length, front and rear limb length (limb 
extended at right angle to body axis) and tail length 
were measured to the nearest 0.5 mm by adpressing 
the measured part against a steel ruler. Head length was 
measured to the nearest 0.1 mm between the tip of the 
snout and the centre of the external ear opening with 
digital vernier callipers. The relevant head scales are 
labelled in Figure 2. Subdigital lamellae on the fourth 
digit of the pes were counted distally from the first 
transverse scale al the base of the ventral side of the 
digit. Details of the postcranial skeleton were assessed 
from radiographs. 

Counts on the midline, or one side of a bilateral 
feature, are reported as the number of specimens or 
‘n\ while counts for both sides of a bilateral feature 
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are reported as the number of cases. Bilateral counts 
are reported as left/right. An apparent under-reporting 
of ‘n’ or cases is due to an inability to make the 
observation on all specimens. Statistical analysis was 
carried out using Systat 9 software. Logarithmic 
transformations were to base 10. 

The following abbreviations are used in the text: 
AM, Australian Museum; NTM, Museum and Art 
Gallery of the Northern Territory; QM, Queensland 
Museum, and WAM, Western Australian Museum. 

SYSTEMATICS 

Pruablepharus Fuhn, 1969 
Proablepharus naranjicaudus sp. nov. 

Figs 1-6 

Material examined. HOLOTYPE - NTM R.26028, 
8 km south-west of Cattle Creek Homestead, Cattle 
Creek Station, Northern Territory, Australia, 17° 
37.82’S, 131° 26.09’E, collected by H. Puckey and C. 
Brock, 14 September 1999, from Astrebla grassland. 
PARATYPES - NTM R. 18733, Kidman Springs, 16° 
04.70’S 130° 59.45’E, collected by J. Woinarski. 24 
October 1997. from Bauhitiia open woodland; NTM 
R. 18734 and R. 18743, Victoria River Downs Station, 
16° 22.07'S 131° 08.77’E, collected by J. Woinarski, 


11 November 1997; NTM R.18744, Victoria River 
Downs Station, 16° 18.48’S 131° 10.19’E, collected 
by J. Woinarski. 8 November 1997; NTM R.21538, 
Kirkimbie Station, 17° 5 US’S 129° 07.56'E, collected 
by A. Fisher, 8 June 1995, from Astrebla grassland on 
cracking-clay plain; NTM R.21539-21540. Kirkimbie 
Station, 17° 52.79’S 129° 08.04’E, collected by 
A. Fisher, 9 June 1995, from Astrebla grassland on 
cracking-clay plain ; NTM R.22799-22800, Kirkimbie 
Station, 17° 49.49’S 129° 08.47’E, collected by 
A. Fisher, 1 October 1996; NTM R.23241. R.23245- 
23246, Mount Sanford Station, 17° 11.80’S 130° 
53.64’E, collected by A. Fisher, 6-7 December 1996; 
NTM R.23650-23652, Mount Sanford Station, 17° 
06.6l’S 130° 52.62’E, collected by A. Fisher, 20 
November 1997; NTM R.2601 7, 23 km south- 
southwest of Willeroo Homestead, Willeroo Station, 
15° 27.09’S 131° 36.00’E, collected by H. Puckey, 
28 September 1999; NTM R.26372, Spirit Hills Station, 
Keep River Flats. 15°2I.29’S 129° 09.05’E, collected 
by G. Wallace, 19 October 1996: WAM R145998, 
2.6 km east of bed of Keep River on Legune Station 
road, 15° 23.88’S 129° 05.12’E. 

Diagnosis. Proablepharus naranjicaudus sp. nov. 
can be distinguished from all other species in the 
genus by the following combination of characters: 



B 



Fig. 1. Colour pattern extremes in Proablepharus naranjicaudus sp. nov.: A, uniform (NTM R.21539 paratype); 15. distinctly striped 
(NTM R.26028 holotype). 
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c 



Fig. 2. Head of the holotypc of Pmablepharus naranjicaudus sp. nov. (NTM R.26028): A, dorsal view; B, lateral view; C, ventral 
view. Abbreviations: C - chin scale; F - frontal; FN - frontonasal; FP - frontoparietal; I - interparietal; IL - infralabial; L - loreal; M - 
mental; N - nuchal; PA - parietal; PF - prefrontal; PM - postmental; PO - preocular; PSL - postsupralabial; PSO - presubocular; PT - 
pretemporal; SC - supraciliary; SL - supralabial; SO - supraocular; R - rostral; 1° - primary temporal; 2° - secondary temporal; 3° - 
tertiary temporal. Scale bar = 1 mm. 
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Fig. 3. Preocular region in two Proablepharus naranjicaudus sp. 
nov. showing the presence (A; NTM R.21540) or absence (B; NTM 
R.26017) of the upper preocular scale. Abbreviations: L - loreal; 
PO - preocular; PSO - presubocular; SC - supraciliary; SL - 
supralabial. Scale bar = 1 mm. 


supraoculars four, first two contacting frontal; 
frontoparietals and interparietal fused into a single 
scale; supraciliaries usually six; upper preocular small 
or absent; postsupralabials usually one, and subdigital 
lamellae of pes tri-mucronate. 

Description. In general aspect, a small (maximum 
snout-vent length 46 mm) skink with well-developed, 
pentadactyl limbs and usually a colour pattern of thin 
light and dark stripes (Fig. 1). 

Medial lobe of the rostral posteriorly convex and 
lateral lobes vertically truncated, none of the lobes 
extending posteriorly to level of anterior edge of nostril; 
frontonasal just wider than long; prefrontals usually 
well separated (94.7% of 19 specimens) but 
occasionally narrowly in contact (5.3%); frontal shorter 
than length of frontoparietals and interparietal; 
supraoculars four, first contacts prefrontal and first two 
contact frontal; frontoparietals and interparietal fused 
into single scale, with parietal eye spot present in 
posterior lobe; parietals in contact posterior to fused 
frontoparietals and interparietal; wide nuchals 1/1 (n = 
18) or 2/1 (n = 1); nuchals contact upper secondary 
temporal. 

Nasal rhomboidal, with dorsoanterior apices well 
separated from midline and with vertical postnarial 
groove that could represent a primitive sutural 
separation between nasal and postnasal; nostril central 
in nasal; loreals two, anterior deeper than long and 
posterior longer than deep; preoculars two with upper 
small or just one with upper absent (Fig. 3); 
presubocular single; supraciliaries usually six (83.8% 
of 37 cases) but occasionally five (16.2%), first three 
contact first supraocular when six and first two contact 
first supraocular when five; eyelid pre-ablepharine, that 
is, with clear spectacle and fused in closed position 
but with residual slit opening dorsally; prelemporals 
two, both contacting parietal broadly, except on one 
side in one specimen (NTM 21539) in which more 
posterior pretemporal just narrowly contacts parietal; 
primary temporal single; secondary temporals two, 
upper secondary temporal contacts nuchal and overlaps 
lower secondary temporal; tertiary temporals in contact 
with lower secondary temporal two; external ear 
opening round, approximately three to six times size 



Fig. 4. Ventral surface of the fourth digit of the pes in Proablepharus naranjicaudus sp. nov. showing the keeled, tri-mucronate subdigital 
lamellae (NTM R.2I539). Scale bar = 1 mm. 
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of nostril, without lobules; supralabials seven, fifth 
subocular and contacting small scales of eyelid; most 
posterior supralabial, i.e., seventh usually overlaps 
lower secondary temporal (89.5% of 38 cases) but 
occasionally overlapped by this scale (10.5%); 
postsupralabials usually one (89.5% of 38 cases) but 
occasionally two (10.5%). 

Mental wider than long, its posterior edge straight 
to gently concave posteriorly; postmental contacts first 
two infralabials; three pairs of large chin scales, 
members of first pair in contact, members of second 
pair separated by one scale row, and members of third 
pair separated by three scale rows; large chin scales 
flush with infralabials, that is, genials do not encroach 
between large chin scales and infralabials; infralabials 
usually six (94.7% of 19 specimens) but rarely seven 
(5.3%). 

Body scales smooth, cycloid; longitudinal scale 
rows at midbody 21-24 (mean = 22.3, n = 19); 
paravertebral scales 58-64 (mean = 60.2, n = 19); outer 
preanals overlap inner; fourth digit of pes covered 
dorsally by 11-14 (mean = 12.5, n = 19) scales in a 
single row and covered ventrally by 15-23 (mean = 
19.3, n = 19) lamellae, which are mostly tri-mucronate 
(Fig. 4). 

Head length 5.9 to 8.5 mm; snout-vent length 

28.5- 48.5 mm; snout-vent length/head length ratio 
4.8-5.9 (n = 18); limbs well-developed, pentadactyl; 
front limb length 6-11 mm; rear limb length 9-14.5 
mm; as proportion of snout-vent length, front limb 

20.5- 26.0% (n =19), rear limb 29.3-35.4% (n =18), 
and complete tail > 182.8% (n=l; only a single 
specimen had a nearly complete tail). 

Ceratobranchial II present; presacral vertebrae 
30-33 (mean = 31.2; n = 17); cervical vertebrae eight; 
postsacral vertebrae > 55 (n = 1); sternal ribs three; 
mesosternal ribs two; complete inscriptional chevrons 
1-2 (mean = 1.4; n = 7); phalanges in manus/pes 
2.3.4.5.3/2.3.4.5.4. 

Colour in life. The colour pattern of P. naranjicaudus 
sp. nov. closely resembles that of P. kinghorni, with 
considerable variation in the intensity of colour and 
pattern in larger adults. 

In juveniles, the dorsum of the body is very dark 
brown to black, with bone-white longitudinal stripes 
from the rear of the head extending past the hindlimbs 
to the anterior portion of the tail. The colour pattern 
on the posterior half of the head is also well defined, 
giving the impression of two white stripes extending 
diagonally forward from the midline. The tip of the 
snout is pale orange-brown. The tail is bright orange 
(both dorsally and ventrally), with the orange colour 
extending onto the hindlimbs. 

In some adults, the striped pattern remains distinct, 
with a medium brown background colour and pale straw 
longitudinal stripes. In others, the ground colour is a 


pale greyish brown and there is virtually no evidence 
of striping, particularly on the head. The colour of the 
tail in adults also fades to a very pale orange, or a pale 
straw colour in the plainest individuals. 

It is possible that colour and pattern becomes 
progressively less intense on all individuals with age, 
although observation of specimens throughout their life 
would be necessary to confirm this. 

Colour in preservative. In specimens with striping, 
head pale brown dorsally with pigment tending to 
concentrate on posterior half of posterior scales, snout 
paler. Lower sides of head (from ventral third of 
supralabials) and venter of head immaculate. 

Dorsum and sides of body dark brown with pale, 
nearly white, longitudinal stripes through centres of 
scales rows one, two, lower edge of three and 
sometimes upper edge of four, and lower edge of five 
and upper edge of six, the two uppermost pale stripes 
thinner than the lower two. In terms of the dark stripes 
between the pale stripes, the upper lateral dark stripe, 
especially on the neck and shoulder, is the widest. The 
ground colour is darker and hence the overall dorsal 
pattern more contrasting in small specimens (e.g. NTM 
21538). Venter of body immaculate. 

Dorsum and side of tail becoming pale straw colour 
posteriorly. Venter of tail immaculate. 

In nearly uniformly coloured specimens (NTM 
18734, 21539 and 23245), dorsum of head, body and 
tail uniformly pale greyish brown with slightly darker 
edging to dorsal and lateral body scales. Sides of body 
with faint trace of upper lateral dark stripe on neck 
and anterior body. Venter of head, body and tail 
immaculate. 

There is no apparent broad geographic or ecological 
difference between the two colour patterns. Specimens 
with the two colour patterns occur together at the same 
general locality, e.g., at Victoria River Downs Station: 
NTM 18743 (striped) and 18734 (uniform), Kirkimbie 
Station: NTM 21540 (striped) and NTM 21539 
(uniform), and Mount Sanford Station: NTM 23246 
(striped) and NTM 23245 (uniform). 

In all specimens, iris, tongue and lungs pale, and 
parietal peritoneum lightly streaked with brown. 

Sexual dimorphism. The number of paravertebral 
scales is significantly greater in females (range = 
61-64, mean = 62.7, n = 4) than in males (58-61, n 
= 12) (Mann-Whitney U = 1.50, P < 0.006). 

Allometry. Snout-vent length is in positive allometry 
relative to head length (ie. with increasing size the 
species becomes more elongate. The allometric 
equation is log (snout-vent length) = 0.37 + 1.40 (log 
head length) (r 2 = 0.91, P < 0.0001, n = 18), the slope 
of the regression being significantly greater than one 
(95% confidence interval of slope = + 0.22). 

Details of holotype. The holotype (NTM 26028) is 
male with snout-vent length 39 mm; tail autolomised, 
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its remaining length 7.6 mm; front limb length 8 mm; 
rear limb length 12.5 mm; prefrontals separated; 
supraciliaries 6/6; upper preocular relatively large for 
species; most posterior supralabial. i.e., seventh, 
overlaps lower secondary temporal on both sides; 
postsupralabials 1/1; longitudinal scale rows at 
midbody 22, paravertebral scales 58; scales in 
longitudinal row on dorsal part of fourth digit of pes 
11/11; subdigital lamellae on fourth digit of pes 18/20; 
presacral vertebrae 31. 

Etymology. The species name naranjicaudus is 
from the Arabic for “orange” and the Latin for “tail”. 

Distribution. The species is known only from the 
Ord-Victoria region in the north-west of the Northern 
Territory (Figs 5-6). The majority of records of this 
species have come from the central and southern 
portions of the Victoria River region (Woinarski et al. 
1999; Fisher 2001; Fisher unpubl. data), with two 
specimens from the Keep River catchment (NTM 26372 
(Kinhill 2000), as ‘ Morethia sp. nov.’ and WAM 
R145998). 

Habitat. All specimens have come from grey and 
brown cracking-clay soils (vertosols) that occur 
extensively on elevated plains, undulating downs and 
alluvial plains of the Inverway, Wave Hill and Ivanhoe 
land systems (Stewart et al. 1970). These soils generally 
support a perennial tussock grass layer with dominant 
species including Astrebla spp., Dicanthium fecundum, 
Chrysopogon fallax and Aristida latifolia, although 
forbs and annual grasses (such as Iseilema spp., 
Sorghum spp.) may also dominate. Such areas can be 
treeless or have a sparse tree layer of species including 
Terminalia arostrata, T. volucris and Bauhinia 
cunninghamii. A number of reptile species in northern 



Fig. 5. Northern, central and north-eastern Australia showing the 
distribution of the five species of Proablepharus in this area. 
P. kinghorni, squares; P. naranjicaudus , dots; P. reginae, stars; 
P. tenuis , circles; undescribed Queensland species, triangles. Data 
based on specimens examined in the AM. QM. NTM and WAM. 


Australia are confined to these cracking-clay 
grasslands, including Ctenotus rimacola (Horner and 
Fisher 1998), which has a virtually identical distribution 
to Proablepharus naranjicaudus sp. nov. 

Habits. Timing of capture of this species in pit-traps 
suggest that it is diurnal, although most active in the 
early- to mid- morning and late afternoon. It is not 
conspicuously active on the ground surface, apparently 
using the many large cracks in the clay soil, perennial 
grass tussocks and patches of plant litter for shelter. 

Reproduction. The only clearly reproductively 
active specimens among the available specimens are 
two females, one (NTM 18744) collected on 8 
November and measuring 45.5 mm in snout-vent length 
and the other (NTM 18743) collected on II November 
and measuring 44.5 mm. Each female contains two 
yolking follicles. These observations suggest that 
females are yolking follicles at the beginning of the 
wet season and that the brood size is two. 

Conservation status. This species is confined to a 
well-defined habitat within a relatively restricted 
geographic range. There is an extensive area of 
cracking-clay soil habitat within the Ord-Victoria 
Rivers region (c. 25 000 km : ; Fig. 6) and recent fauna 
surveys suggest that P. naranjicaudus is relatively 
common in the southern and central Victoria River 
region. However, only two records of P. naranjicaudus 
have come from the Ord/Keep Rivers region, despite 
significant sample effort in suitable habitat, and the 
species may be uncommon in the northwest of its range. 
The typical habitat for P. naranjicaudus is poorly 
represented in conservation reserves in northwestern 
Australia and falls almost entirely under pastoral land 
use. The effects of pastoral use on P. naranjicaudus 
are unknown, but Fisher (2001) found that, in similar 
environments in eastern Northern Territory, P. 
kinghorni was less abundant in areas of higher grazing 
pressure. Large areas of suitable habitat in the lower 
Ord/Keep Rivers systems are slated for agricultural 
development (Kinhill 2000). 

COMPARISON WITH SIMILAR SPECIES 

Proablepharus naranjicaudus is most similar to 
P. kinghorni among described species in having a 
colour pattern consisting of pale stripes on a dark 
ground colour and the upper preocular reduced or 
absent, but it differs from this species in having 
supraciliaries usually six instead of five, the 
interparietal fused to the fused frontoparietals instead 
of distinct, postsupralabials usually one instead of two, 
usually more supradigital scales on fourth digit of pes 
(11-14, mean = 12.5, n = 19 vs 11-12, mean = 11.2, 
n = 13; Mann-Whitney U = 225.5, P < 0.0001). usually 
more subdigital lamellae of fourth digit of pes (15-23, 
mean = 19.3, n = 19 vs 16-20, mean = 18.2, n = 34; 
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Fig. 6. Ord-Victoria region in northwestern Australia, showing 
location of records of P. naranjicaudus (cross, holotype; circles, 
other museum specimens; triangles, other survey records). Shaded 
area indicates the distribution of cracking clay soils in the region 
(Stewart et al. 1970). 

Mann-Whitney U = 457, P < 0.02) and tri-mucronate 
(pre- and postaxial and midline) instead of uni- 
mucronate (midline). 

Proablepharus naranjicaudus is also similar to the 
undescribed species from northern Queensland in 
having a colour pattern consisting of pale stripes on a 
dark ground colour and the interparietal fused to the 
fused frontoparietals, but it differs from this species in 
having supraciliaries generally six instead of five, 
palpebral slit large enough to be often conspicuous 
instead of short and inconspicuous, upper preocular 
reduced or absent instead of well developed, 
postsupralabials usually one instead of usually two, 
subdigital lamellae of pes tri-mucronate instead of 
smoothly rounded and usually fewer presacrals 
(30-33, mean = 31.2, n = 17 vs 32-36, mean = 33.5, 
n = 29; Mann-Whitney U = 25.0, P < 0.0001). It is our 
understanding that this species is to be described by 
government researchers in Queensland. 

Key to the species of Proablepharus 

1 a. Supraoculars four, first two contact frontal.2 

lb. Supraoculars three, first contacts frontal. 

. P. tenuis (Broom) 

2a. Frontoparietals distinct; dark pigment in centre 

of dorsal body scales. P. reginae (Giauert) 

2b. Frontoparietals fused; dark pigment at edges of 

dorsal body scales.3 

3a. Interparietal distinct. P. kinghorni (Copland) 

3b. Interparietal fused to fused frontoparietals. 4 


4a. Supraciliaries usually six; upper preocular 

minute or absent; postsupralabials usually one; 

subdigital lamellae of pes tri-mucronate. 

. P. naranjicaudus sp. nov. 

4b. Supraciliaries usually five; upper preocular well 
developed; postsupralabials usually two; 

subdigital lamellae of pes smooth. 

.undescribed Qld sp. 
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First known axis vertebra of a madtsoiid snake (Yurlunggur camfieldensis ) 
and remarks on the neck of snakes 

JOHN D. SCANLON 

Riversleigh Fossil Centre, Outback at Isa, 

PO Box 1094, Mount Isa QLD 4825, AUSTRALIA 
riversleigh@ outbackatisa. com. au 

ABSTRACT 

The cervical vertebrae of basal fossil snakes are important objects of study for clarifying the pattern and process of the 
evolutionary transition from tetrapodal (lizard) ancestors. This transition has recently been addressed in studies of 
developmental genetics as well as phylogeny-based comparative analyses of limb-reduced lizards, without apparent 
resolution. An axis (second cervical) vertebra of a large snake from the Camfield Beds. Northen Territory (Bullock 
Creek Local Fauna, Middle Miocene) is attributed to the holotype skeleton of Yurlunggur camfieldensis Scanlon, 
1992 (Madtsoiidae). It is the first axis known from this extinct family, but is likely to provide useful taxonomic data 
when those of other species are identified. As well as similarities to primitive extant snakes of several families, some 
features resemble those of certain varanoid lizards. 

Keywords: snake, Madtsoiidae, Yurlunggur, cervical vertebrae, Miocene, Northern Territory. 


INTRODUCTION 

Yurlunggur camfieldensis Scanlon, 1992 is a large, 
extinct snake known only from the Blast Site locality, 
Camfield Beds, Northern Territory (Bullock Creek Local 
Fauna, Middle Miocene: Woodburne etal. 1985; Murray 
and Megirian 1992). All of the madtsoiid remains so 
far known from the site (vertebrae and ribs) are 
consistent with a single skeleton, and collectively 
identified as the holotype of this taxon (Scanlon 1992). 
Many other specimens referred to Yurlunggur are known 
from various deposits at Riversleigh. north-western 
Queensland, and single or few vertebrae from other 
localities in northern South Australia, eastern 
Queensland, and western New South Wales (Table I). 
All of this material is either indeterminate as to species, 
or regarded as belonging to species distinct from 
V camfieldensis, but as yet undescribed (Scanlon 1996, 
2003; and unpublished). 

Other snake remains from the Bullock Creek LF 
(several localities) represent multiple individuals of a 
somewhat smaller pythonine boid originally described as 
Morelia antiquus Smith and Plane, 1985, but now referred 
to Morelia riversleighensis (Smith and Plane, 1985) 
(Scanlon 2001). A single incomplete vertebra of an 
indeterminate elapid snake has also been reported (Scanlon 
1992; Scanlon et al. 2003). 

Among elements of the Y. camfieldensis skeleton 
mentioned previously, but not fully described, is the axis 
vertebra (Scanlon 1992: 58). This is the first axis known 
from any member of the Madtsoiidae, and thus allows the 


first comparison of a number of characters between this 
family and other squamates. 

Additional characters for madtsoiid snakes are of 
interest because there is evidence that this Gondwanan 
group, with a fossil record beginning in the,early Upper 
Cretaceous (Rage and Werner 1999), represents an archaic 
lineage phylogenetically close to the origin of the two major 
extant groups (Scolecophidia and Alethinophidia: Scanlon 
1993b; Rage 1998), and probably lying outside this 
dichotomy. This phylogenetic position was implied by 
Hoffstetter (1961), asserted by McDowell (1987), and 
inferred by parsimony analysis in Scanlon and Lee (2000) 
and Lee and Scanlon (2002a). After extinctions in the other 
Gondwanan continents during the Eocene, madtsoiids had 
a relictual distribution in Australia where a number of 
genera are known in the Miocene, of which two ( Wonambi 
and Yurlunggur) persisted to the Pleistocene (Scanlon 
1993a, 1995, 1997; Rage 1998; Mackness and Scanlon 
1999; Scanlon and Lee 2000). 

MATERIALS AND METHODS 

Snake remains reported previously from Bullock Creek 
(Scanlon 1992, 1996) were studied on loan at the Vertebrate 
Palaeontology Laboratory, School of Biological Sciences, 
University of New South Wales. Several additional 
vertebrae of Y. camfieldensis have been identified 
subsequently (examined briefly in Darwin in 2003), and 
more pieces of the holotype skeleton may remain 
unidentified in concentrate that is not yet thoroughly sorted 
(D. Megirian pers. comm.). 
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The most anterior vertebra in squamates, the atlas, 
consists of a ring formed by the paired (or sometimes 
fused) tecta of the neural arch, and the first procentrum 
(Romer 1956; Hoffstetter and Gasc 1969). The body of 
the second vertebra, the axis, is formed by three fused 
elements belonging to the first and second cervical 
segments: first centrum (odontoid process), second 
centrum (axial centrum proper), and second 
intervertebral ring (condyle, articulating with the cotyle 
or glenoid cavity of the third vertebra). The axis bears 
two hypapophyses, which originate as hypocentra of the 
first and second vertebrae; the second fuses to the axial 
centrum, while the first usually has only a sutural 
attachment but is sometimes fused, e.g., in most 
Uropeltinae (Williams 1959). Varying positions have 
been taken on whether any vertebrae posterior to the 
axis can be included in the ‘cervical’ region, and this 
question is discussed below (‘Remarks on the neck in 
snakes’). 

Comparisons are based on figures and descriptions 
in the literature, skeletal material of recent squamates 
(listed below), and fossils of other Australian madtsoiids. 
Institutional abbreviations used: AMNH = American 
Museum of Natural History; AM R = Australian 
Museum herpetology; AR = Archer reference collection. 
University of New South Wales; MM R = Macleay 
Museum, University of Sydney; NMV P = Museum of 
Victoria palaeontology; NTM P = Museums and Art 
Galleries of the Northern Territory palaeontology; QM 
F = Queensland Museum palaeontology; QM J = 
Queensland Museum herpetology; SAM P = South 
Australian Museum palaeontology. 


Comparative material 

Aspidites melanocephalus - QM J30786. 

A. stimsoni - uncatalogued (Alice Springs, NT). 

Liasis mackloti- uncatalogued (Fogg Dam, NT; coll. 
R. Shine et al.). 

Python molurus — AMR 366. 

Varanus varius - AR 5378. 

Heloderma suspectum - AMNH Field Series 109521. 

Anguis fragilis - UNSW Bioscience teaching 
collection (tag IV 6.4.4101). 

Austrelaps ramsayi - uncatalogued (Bowral, NSW). 

DESCRIPTION AND COMPARISON 

The axis (NTM P908-4, Fig. 1) is incomplete but 
well-preserved, without distortion or surface wear; 
almost all structures are preserved intact on one side 
or the other. There is a close fit between the condyle 
of the axis and the cotyle of the most anterior known 
trunk vertebra (NTM P895-5, Fig. 1; also illustrated 
with other trunk vertebrae in Scanlon (1992: fig. 1 A)); 
because dimensions of the condyle and cotyle 
generally increase steeply with sequential position in 
this region of the other snake skeletons examined, the 
fit with the axis implies that P895-5 is the third 
cervical (or first ‘trunk’) vertebra. The main areas of 
damage on both bones (left side of the axis neural 
arch, and right prezygapophysis and zygosphene of 
the other vertebra) are consistent with results of a 
single torsional force imposed during disarticulation 
of adjacent elements. 


Table 1. Occurrence of Yurlunggur (Madtsoiidae) in Australian fossil assemblages. Abbreviations: Fm, Formation; LF, Local Fauna. 


Locality 

Formation / Local Fauna 

Nominal age 

Date reference 

Species 

Record reference 

Tom O’s Quarry, Lake 
Tarkarooloo, SA 

upper Namba Fm / 
Tarkarooloo LF 

Late Oligocene 

Rich et al. 1991 
Woodbume et al. 1993 

Y. sp. indet. 

Scanlon unpubl. 

Riversleigh World Heritage 
Area, NW Qld (multiple sites) 

‘Carl Creek Limestone’, 
Systems A, B, C / 
multiple LFs 

Late Oligocene 
- Middle Miocene 

Archer et al. 

1989, 1997 

Kspp 
(2 or more 
unnamed) 

Scanlon 1992, 

1996, 2003 

Leaf Locality, Lake 

Ngapakaldi, SA 

Wipajiri Fm / 

Kutjumarpu LF 

Early or 

Middle Miocene 

Rich etal. 1991 

Y. sp. indet. 

Scanlon 1996 

Blast Site, Bullock Creek 

Stn, NT 

Camfield Beds / 

Bullock Creek LF 

Middle Miocene 

Woodbume et al. 

1985; Murray and 
Megirian 1992 

Y. camfieldensis Scanlon 1992 

Stirton Quarry, Lake 

Kanunka, SA 

lower Tirari Fm / 

Kanunka LF 

Pliocene 

Tedford et al. 1992 

Y. sp. indet. 

Pledge 1992; 
Scanlon unpubl. 

Chinchilla Rifle Range, 
Condamine River, western 
Darling Downs, S Qld 

Chinchilla Sands / 
Chinchilla LF 

Early or ‘Middle’ 
Pliocene 

Riche/ al. 1991, 
Mackness 1995 

Y. sp. indet. 

Mackness and 
Scanlon 1999 

Wyandotte Creek, NE Qld 

Wyandotte FM / 
Wyandotte LF 

Late Pleistocene 

McNamara 1990 

Y. sp. indet. 

McNamara 1990; 
Scanlon 1995 

Gogolo-Gampung lunette, 
Willandra Lakes, W NSW 


Late Pleistocene 

J. Hope pers. comm. 

Y. sp. indet. 

Scanlon unpubl. 
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Madtsoiid snake cervical vertebra 


The first axial hypapophysis is not preserved, having 
separated from the centrum at the suture; some fusion 
of the elements may have been present but it was 
evidently minor in extent. The attachment surface on 
the centrum is formed by horizontal and vertical 
portions, forming a right angle in lateral view (broadly 
obtuse or less angular in most squamates, but similar in 
mosasaurs; Russell 1967). The ventral-facing portion 
(probably formed entirely by the odontoid element) is a 
flattish area irregularly defined by the remains of the 
suture, forming a rough triangle notched anteriorly by 
an extension of the articular surface of the odontoid 
process, and truncated posteriorly by the vertical surface 
of contact with the second hypapophysis (thus, like a 
broad ¥). A recessed area in the ventral half of the 
vertical portion is an exposed sinus within the vertebra; 
part of the lower rim has been broken away, possibly 
during excavation or processing, as the broken surface 
is pinkish white rather than dark grey like the rest of the 
surface. The rest of this anterior face, and the adjoining 
ventral face, have a roughened and pitted surface. 

The fusion of the odontoid process with the axial 
centrum posterior to it is not complete, as a transverse 
suture can be seen on the dorsal surface (just anterior to 
the subneural process, the bridge-like structure in the 
ventral midline of the neural canal). The line of fusion 
is defined laterally only by a groove or slight 
constriction, which meets the vertical suture with the 
missing hypocenlrum. 

The anterior articulating surface of the odontoid 
process forms a convex hexagon slightly wider than high 
in anterior view; the odontoid element itself extends for 
the full width, and the suture or line of fusion with the 
second centrum is not visible anteriorly. The articular 
surface is not distinctly subdivided, but an inflection of 
its curvature and slight transverse ridge suggest a 
boundary of central (anterodorsal) and peripheral 
(lateral and ventral) areas. The central area forms a 
partial ellipsoid, with a transverse curvature similar to 
the condyle of the same vertebra (compare in dorsal 
view. Fig. 1), but in lateral view shows an almost straight 
anteroventral edge. Dorsally, the process is concave, 
with an upturned rim, weak laterally but prominent and 
sharply defined anteriorly (differing from other snakes 
examined, where the rim is high laterally but notched 
anteriorly). 

In many snakes (e.g., Python molurus of 
approximately equivalent size to Y. camfieldensis), the 
articular surface of the odontoid is triradiate in form, 
separated clearly by sutures into central, lateral and 
ventral areas (the ventral section belonging to the first 
hypapophysis and articulating with the first 
intercentrum, and lateral sections belonging to the main 
axial centrum and articulating with the neural arch). The 
condition in Yurlunggur differs from most lizards and 
snakes examined, but resembles that in Helodenna 



Fig. 1 . Axis (NTM P908-4, left) and third cervical vertebra (P895- 
5, right) of holotype Yurlunggur camfieldensis Scanlon, 1992, from 
Blast Site, Camfield Beds, NT (Bullock Creek Local Fauna, 
Middle Miocene). From top to bottom: lateral (right and left sides 
of P908-4, left side of P895-5), anterior, posterior, dorsal, and 
ventral views. Diagonal lines indicate broken surfaces. Scale bar 
= 20 mm. 
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(pers. obs.) and Xenosauridae ( Shinisaurus and 
Xenosaurus : Hecht and Costelli 1969). It is not certain 
whether the first hypapophysis bore an extension of the 
articulating surface, but as the lower edge of the 
preserved part of the facet is convex ventrally (as in 
Helodernw, not concave as in Angitis, Varanus or 
Python), there seems no reason to suppose that it did. 

The atlas-axis joint of snakes allows for some 
twisting about the spinal axis, so that the 
prezygapophyses and zygosphene (which strictly limit 
twisting in most of the column) do not have the same 
form or function as in trunk vertebrae. In Varanus and 
xenosaurids, acute triangular processes project 
anteriorly on either side of the neural canal (apparently 
in serial homology with the prezygapophyses), and pass 
medial to the aliform processes to engage separate 
ventral recesses in the atlanteal arches, in the manner 
of a zygosphcne-zygantrum joint. The processes of the 
axis have dorsolateral facets, but there are no distinct 
opposing facets in the ‘zygantra’ (at least in Varanus). 
In most snakes, the anterior edge of the neural arch forms 
a broader and less prominent shelf (more like a 
zygosphene) which fits under the posterior edge of the 
atlanteal arches, the contact defining an arc centred 
within, or even below, the odontoid process. In Python, 
this area of contact extends across the midline of the 
axis, and is only weakly defined posteriorly: but in 
Yurlunggur, like many other snakes, the shelf is 
interrupted on the midline, while the contact with the 
atlas is strongly limited by an overhanging median 
projection of the axial neural arch. Such an overhang 
(by the anteriorly prolonged neural spine) is present in 
Angitis, xenosaurids, varanoids, and some colubroids, 
but not in scolecophidians (Evans 1955), anilioids 
(Williams 1959: Rieppel 1979) or pythonines. An 
unusual feature in Yurlunggur is that the anterolateral 
shelf is not simply notched medially, but continues 
internally as a longitudinal crest defining a distinct mid¬ 
dorsal lobe of the neural canal. A similar internal dorsal 
groove is moderately distinct in the axis of Heloderma 
suspectum and weakly defined in an elapid, Austrelaps 
ramsayi, but absent in all the other squamate species 
compared. 

Apart from the absence of parazygantral foramina, 
the zygantrum and postzygapophysis present no 
qualitative differences from those of the immediately 
following vertebra (NTM P895-5), but the neural spine 
and dorsolateral processes differ in proportions. The 
neural spine is about as high as that of the third vertebra 
(i.e., very low compared to Python, but comparable to 
members of most other snake lineages), but its upper 
part is considerably more expanded both laterally and 
posteriorly. Above the postzygapophysis are two 
processes for muscle or tendon attachment. The more 
dorsal of these is somewhat smaller, while the more 
lateral is much more prominent posteriorly, than the 


corresponding structures on the next vertebra. The 
aliform processes are only weakly differentiated into 
inner and outer members in Python, and not at all in 
Austrelaps or Acanthophis. 

In place of the laterally prominent cylindrical 
transverse processes borne by the axis of Python, the 
axial ‘ribs’ of Yurlunggur are short spines directed 
posteriorly (preserved on the left side only). However, 
these spines are mounted on buttresses which extend 
ventrally from the sides of the neural arch (where they 
are continuous with the interzygapophyseal ridge and 
hence postzygapophyses), then posteriorly along the 
sides of the hypapophysis. The vertical posterior face 
of the buttress has two pits on each side, containing 
foramina. There are two processes projecting dorsally 
from the longitudinal part of the buttress on each side, 
the more anterior also flanking deep (dorsoposterior- 
facing) pits and foramina, while the more posterior 
(below the condyle) are simpler in shape, like dorsally 
concave hooks. These and the other paired lateral 
processes of the hypapophysis differ in details of shape 
between the sides, but not so much as to indicate gross 
abnormality of the vertebra. The hypapophysis then 
continues posteriorly as a narrow keel with a slightly 
thickened ventral edge, before bifurcating to form 
ventrolateral prominences defining concave lateral and 
ventral surfaces beside and between the ridges. This pair 
of processes is just below the second pair on the lateral 
buttresses, level with the condyle. Behind them, the 
ridges reapproach to border a large posteroventrally 
directed median subcentral foramen, then again diverge, 
fuse with the lateral buttresses, and enclose a concave 
elliptical surface, extending to the posterior end of the 
hypapophysis. 

The dorsal and lateral faces of the hypapophysis are 
simple and smooth in structure, the dorsal edge being 
similar in lateral profile to that of the third vertebra, 
only more oblique; it is not sharp, but expanded below 
the condyle to merge with the centrum, and posteriorly 
to form a ploughshare-like shape where it merges with 
the ventrolateral ridges. 

Between the two processes on each side are another 
pit and foramen, facing anterolaterally. Thus, Yurlunggur 
has two pairs of pits on the lateral surface of the axis, 
whereas only one pair of pits (for muscle insertion) is 
present in Python. More typical lateral foramina are also 
present, level with the lower edge of the condyle. A pair 
of foramina occurs in the hollows posterolateral to the 
transverse expansion of the hypapophysis. 

In general, though not in all details, this complex 
hypapophysis can be compared with that ot Shinisaurus 
(Hecht and Costelli 1969). The morphology of the axial 
hypapophysis of Python (like most other squamates) is 
much simpler: there is a simple ventral keel without 
bifurcation or foramina; weak lateral ridges are present, 
defining upper and lower lateral faces of the 
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hypapophysis, but they can not be considered continuous 
even as far as the muscle insertion pit, and do not 
approach the ‘rib' which is thus a free process and not 
part of a ‘buttress’. 

Comparisons among extant squamates show that the 
axis varies considerably in proportions, and shape and 
extent of processes and articulating surfaces, at a low 
taxonomic level, for example within Xcnosauridae 
(Hecht and Costelli 1969), within Uropeltidae (Williams 
1959, Rieppel 1979) and within Pythoninae and 
Elapidae (pers. obs.). Therefore no detailed character 
analysis has been attempted in comparing the axis of 
Yurlunggur with examples in other families; 
nevertheless, there is a strong general resemblance to 
those of Cylindrophis and Anilius (Williams 1959: 
fig. 4; Rieppel 1979: fig. 9). Differences from these 
genera and all others examined are the strong lateral 
and ventrolateral crests of the hypapophysis, and the 
distinct median dorsal channel in the neural canal, 
interrupting the anterodorsal articulating surface. 

In addition to the 29 vertebrae and various rib 
fragments described or mentioned previously (Scanlon 
1992, including ‘Note added in proof’), three nearly 
complete trunk vertebrae and one more fragmentary 
specimen from Blast Site are attributed to the holotype 
of Y. camfieldensis. NTM P904-4 is a part of the neural 
arch consistent with an anterior trunk vertebra; P999-1 
is a mid-trunk vertebra approximately equal in size and 
regional features to the largest element identified 
previously (P908-1; Scanlon 1992: 58); and P895-131 
and P991 -26 are posterior trunk vertebrae intermediate 
in size and regional features between P8692-28 (No. 
17) and P8695-247 (No. 18). A posterior trunk vertebra 
previously listed with the ‘block’ registration P895-245 
is now individually registered as P895-26. 

REMARKS ON THE NECK IN SNAKES 

In snakes, the term ‘cervical’ is often restricted to 
the atlas and axis (de Rochebrune 1881; Hoffstetter and 
Gasc 1969), because the complete loss of the shoulder 
girdle and sternum precludes applying the traditional 
definition for the cervical-thoracic boundary. Thus, it 
has often been considered that “we have no knowledge 
of how long the neck is in snakes, in the absence of any 
differentiation between cervical and thoracic column” 
(McDowell and Bogcrt 1954: 61; similar views are 
expressed by Nopcsa 1908 [but not Nopcsa 1923, 19251, 
Camp 1923; Bellairs and Underwood 1951), but this 
proposition is questionable (see also Caldwell 2003). 

In the snake embryo, only the atlas is distinctive in 
gross morphology, while the axis closely resembles the 
succeeding anterior trunk vertebrae (Cohn and Tickle 
1999: fig. 1) except in rib length, which increases 
posteriorly through this region as it does in adults. 


According to Cohn and Tickle (1999): 

The anterior vertebrae have both ribs (a thoracic 
feature) and ventral hypopophyses (generally a 
cervical feature)..., suggesting that information 
encoding thoracic identity may have extended into the 
cervical region and partially transformed these 
segments. Thus, the entire trunk resembles an 
elongated thorax. 

However, cervical ribs are plesiomorphic and 
widespread in amniotes, including lizards (Romer 1956; 
Hoffstetter and Gasc 1969; Gaffney 1985), so their 
presence in snakes actually implies no such 
transformation. Most lizards have free (articulated) ribs 
beginning at the third or fourth cervical vertebra, though 
some have them present even on the axis; snakes show 
exactly the same range of variation (Hoffstetter and Gasc 
1968, 1969; Scanlon 1996). 

There is unquestionably a relative lack of distinction 
between neck and thorax in snakes, and this represents 
one of the main features of their evolutionary 
transformation from tetrapodal lizard ancestors. Rather 
than an extension of ‘thoracic identity’ into the cervical 
region (as proposed by Cohn and Tickle 1999), it may 
be better described as an extension of ‘cervical identity’ 
into the thorax. Nopcsa (1925) suggested that the latter 
was important in the origin of snakes and (in line with 
his neo-Lamarckist view of evolutionary process) 
occurred not suddenly but gradually over a long period: 
If one proceeds from the assumption, supported by 
the chronological succession, that the similarity of the 
presacral vertebrae of the specialised cholophidians 
and the alethinophidians is not simply a convergence 
phenomenon, but rather is genetically conditioned, 
then one sees positively how the origin of snakes 
proceeds, though not on land, rather in a shallow 
near-coastal sea, from Neocomian to Eocene 
gradually [andl cranio-caudally, and is only half- 
attained in the Cenomanian (emphasis in original 
German; trails. Scanlon 2000). 

‘Cervicalization’ of the trunk is also obvious from 
the presence of hypapophyses not only on the 40-70 
anterior vertebrae in most snakes (Caldwell 2000), but 
throughout almost the whole trunk in various modern 
lineages - at least this is obvious once we have shaken 
off (as, eventually, did Hoffstetter (1968)) the idea that 
hypapophyses on trunk vertebrae are somehow retained 
from amphibian-grade ancestors despite their absence 
in nearly all amniotes. Neither of these ‘diffusion’ 
processes implies that the cervical region no longer 
exists (contra the interpretation of Cohn and Tickle’s 
work by Rieppel et al. (2003)), only that the cervical- 
thoracic boundary has become relatively subtle in extant 
snakes. 

There is a real question of homology here as well 
as a difficulty of definition, as many other limb-reduced 
reptile lineages have distinct but short cervical regions 
(with shoulder vestiges and thoracic organs close 
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behind the head), and some authors have considered 
snakes to be closely related to one of the lineages of 
short-necked burrowing lizards (e.g.. Rage 1982 [but 
not Rage 1997]; Senn and Northcutt 1973; Greer 1985 
[but not Greer 1989]; Cundall et al. 1993). Greer 
(1989) drew attention to the sharp discontinuity in 
morphology between the elongate and nearly limbless 
pygopodid lizards and their nearest living relatives, the 
geckoes, which show no trend to elongation or limb 
reduction; he suggested that a rapid transition in body 
form may have occurred, and that snakes may have 
been derived from terrestrial varanoids by an analogous 
(but unknown) mechanism; 

In structure, but not habits, snakes would represent 

the stretched version of varanoids just as pygopodids 

are the stretched version of geckos (Greer 1989: 219). 

Cohn and Tickle (1999) proposed that a change in 
expression of Hox genes (which they demonstrated in 
comparison of snake and chick embryos) provided a 
common evolutionary mechanism for loss of the 
forelimbs and elongation of the trunk in ancestral snakes. 
This has been investigated by study of various lizard 
groups which have independently evolved a snake-like 
body form (pygopodids, anguids, amphisbaenians, and 
many others). Apart from snakes, all such groups with 
reduced limbs and greatly increased numbers of 
vertebrae retain at least traces of the shoulder girdle 
(and normal-length or short necks), and this has been 
considered to refute the Cohn and Tickle model (Wiens 
and Slingluff 2001). 

Whether or not there is a known signalling molecule 
that shows a clear demarcation of expression between 
the regions in early snake embryos (Cohn and Tickle 
(1999) found an absence of evidence, not vice versa), 
many snakes do have a more or less distinct transition 
in vertebral (and rib) proportions close to the position 
of the heart, so that the whole ‘anterior trunk’ or 
'precardiac’ region (Hoffstetter and Gasc 1969; Gasc 
1974; LaDuke 1991), comprising 40-70 vertebrae with 
prominent hypapophyses in extant lineages, is sometimes 
referred to as ‘cervical’ (e.g., Ivanov 2002). Some 
aspects of regional differentiation may be largely 
epigenetic in certain taxa, resulting from chemical or 
mechanical interaction among parts during ontogeny 
rather than an initial ‘blueprint’, but that does not make 
them unreal. 

One approach to locating (rather than denying or 
obfuscating) the cervical-thoracic boundary in snakes 
is to consider the position of the heart or lungs (e.g., 
Nopcsa 1923; Caldwell 2000), rather than any 
musculoskeletal vestige of the shoulder girdle (which 
has been sought in vain). It was recognised quite early 
that the ‘neck’ of quadrupeds could be defined in 
alternative ways based either on its functions or its 
anatomical relationships: 


Another part present in these animals [oviparous 
quadrupeds] is a neck, this being the necessary 
consequence of their having a lung. For the windpipe 
by which the air is admitted to the lung is of some 
length. If, however, the definition of a neck be correct, 
which calls it the portion between the head and the 
shoulders, a serpent can scarcely be said with the same 
right as the rest of these animals to have a neck, but 
only to have something analogous to that part of the 
body. (Aristotle, On the Parts of Animals, Book IV 
Ch. 11, trans. Ogle 1941) 

In this passage, Aristotle did not state that snakes have 
no neck, but made it clear that (even for him, the arch- 
dicholomist) this was a question of partly arbitrary 
definition rather than fact. Snakes have lungs (or at least 
one lung) and a windpipe (trachea), and the position of 
tracheal entry to the lung, had Aristotle dissected as many 
snakes as Wallach (1998), might have appealed to him 
as a reasonable alternative criterion for definition of the 
neck. Whatever single criterion may be selected or 
uncritically adopted from ancient authorities, in tact the 
terms ‘neck’ and ‘cervical’ are abstractions with numerous 
components when applied to limbed vertebrates, of which 
some certainly can be evaluated in snakes (Caldwell 
2000). The study of snake vertebral columns, particularly 
those of potentially ‘transitional’ fossils, is essential for 
a full understanding of these questions. 

The probable nearest living limbed relatives of 
snakes (varanid lizards) have quite long necks, with the 
cervical vertebrae usually increased in length as well 
as slightly elevated in number, but the heart is also in 
an unusually posterior position within the thorax 
(Bellairs and Underwood 1951) so that the heart’s 
position may be a poor guide to ‘true’ neck length in 
snakes. Dolichosaurs (small, elongate, Cretaceous 
marine varanoids possibly forming the stem-group of 
snakes) had a further increased number of cervical 
vertebrae (Nopcsa 1908, 1923; Bellairs and Underwood 
1951; Caldwell 2000; Lee and Caldwell 2000), and some 
Cretaceous fossil snakes have been interpreted as having 
a more distinct neck than modern forms (Nopcsa 1923; 
Lee and Caldwell 1998: Lee et. al. 1999), but this needs 
to be tested by more detailed and quantitative 
comparisons. A view that snakes have short necks is 
apparently correlated with support for the ‘small 
fossorial’ model of snake origins, whereas long necks 
make sense in terms of varanoid relationships and 
possible aquatic ancestry (Nopcsa 1923, 1925; Scanlon 
et. al. 1999; Caldwell 2000; Lee and Scanlon 2002b). 

DISCUSSION 

While Yurlunggur became extinct only in the 
Quaternary (Table 1), Madtsoiidae is one of the oldest 
snake lineages known (Rage and Werner 1999) and in 
some respects, among the most primitive (McDowell 
1987; Scanlon 1996; Scanlon and Lee 2000; Lee and 
Scanlon 2002a; Scanlon 2003). 
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Comparisons with primitive extant snakes and other 
early fossils are needed to determine to what extent the 
specimen described here represents the ancestral 
morphology of the snake axis, and how far it is 
independently specialised. The axis of Yurlunggur 
resembles those of Anilius scytale, Cylindrophis rujfus 
and C. maculatus to about the same extent that these 
anilioid species resemble each other, so that it can be 
considered to represent approximately the same ‘grade’ 
of primitive snakes, but more detailed comparisons are 
not presently justified in view of the divergent 
specialisations of anilioids in this element (see above). 
The axis of the Late Cretaceous aquatic snake 
Pachyrhachis has been partially described (Lee and 
Caldwell 1998) and it seems to be similar to Yurlunggur 
in possessing a relatively short centrum, low, posteriorly 
directed neural spine, and massive, posteriorly directed 
hypapophysis. This element is unknown in Pachyophis 
(Lee et al. 1999), and although preserved in Haasiophis 
(Rieppel et al. 2003) and Dinilysia (Caldwell and Albino 
2002), no morphological details are yet available. 

In comparison with lizards, there are particular 
resemblances to Helodenna and to mosasaurs rather than 
to anguimorphans or varanoids in general. The anterior 
articulating surface of the centrum is convex and limited 
to the odontoid element, as in Helodenna , rather than 
distinctly triradiate and extending to the axial centrum 
proper as in the other lizards and snakes compared. The 
neural canal has a distinct internal dorsal groove, again 
the nearest approach being in Helodenna. The surface 
for attachment of the anterior hypapophysis forms a right 
angle in lateral view, as in some mosasaurs, but is broadly 
obtuse in other lizards and snakes. 

This is the first axis reported for any member of 
Madtsoiidae, and without knowledge of this element in 
other madtsoiids or definite close outgroups, no 
particular phylogenetic or functional significance can 
yet be attributed to the features reported here. While it 
does not resemble those of either Vara nits or lizards in 
general more than it does extant snakes, certain unusual 
features shared with mosasaurs and Helodenna may 
provide support for the hypothesis of varanoid-snake 
affinities. Given the extent of variation in this element 
among related species and genera of extant squamates, 
morphology of the axis is likely to contribute valuable 
diagnostic and phylogenetic information within 
Madtsoiidae when more examples become known. 

The identification of additional trunk vertebrae from 
Blast Site subsequent to the initial description, but not 
from other exposures in the Camficld Beds, has been 
interpreted as statistical confirmation that all Yurlunggur 
remains from the deposit represented a single skeleton 
(Scanlon 1992: 59). This pattern has continued; although 
only a few additional vertebrae have been identified in 
the last decade, they remain consistent with one 
individual. Two of the newly identified vertebrae come 
from one of the significant ‘gaps’ in the column as 


previously known (between Nos 17 and 18; Scanlon 
1992: 59), raising hopes that parts of the skull and caudal 
region may remain to be identified among material from 
Blast Site. 

The representation of well-preserved mid-trunk 
vertebrae allows a relatively precise (though not 
necessarily accurate) estimate of total length. Using the 
ratio of maximum vertebral width (across the 
prezygapophyses, 46.4 mm in P908-1; Scanlon 1992) 
to total length of the vertebral column adopted as a 
‘standard’ (1:136.9 in a skeleton of the python Aspidites 
nielanocephalus; Scanlon 1993a), and adding head 
length of approximately 150 mm (cf. Wonambi 
naracoortensis ; Scanlon and Lee 2000), the total length 
of Y. camfieldensis in life can be estimated as 6.5 m. 
This would be larger than any authenticated extant snake 
in Australia (e.g., Greer 1997) or any Yurlunggur fossils 
from Riversleigh, but Y. camfieldensis was apparently 
exceeded in size by a Pleistocene species of Yurlunggur 
from north-east Queensland as well as the Pliocene 
python Liasis dubudingala (Scanlon 1996; Scanlon and 
Mackness 2002). 

As discussed above, modification of the neck of 
snakes has long been considered an important aspect of 
their transformation from lizards, but no consensus has 
been reached as to the processes and stages involved. 
Apart from the type of Y. camfieldensis , multiple 
associated or partly articulated skeletons of madtsoiids 
are now known from Australia, including several partial 
skeletons of Yurlunggur spp. from Riversleigh (Scanlon 
1996, unpublished data), and recently discovered 
articulated ‘cervicals’ of Wonambi naracoortensis 
(M. Hutchinson and E. Reed pers. comm.) as well as 
the disarticulated partial skeletons of this species 
previously reported (Barrie 1990). Further study of this 
material will provide detailed information on qualitative 
and quantitative variation in vertebral morphology along 
the column. The pattern of intracolumnar variation in 
the trunk of madtsoiids is likely to retain plesiomorphic 
features lost in all modern snakes, as has already been 
confirmed in the those of the skull and the caudal 
vertebrae (Scanlon and Lee 2000). Australian madtsoiids 
may be just the transitional fossils needed to unlock this 
important and controversial evolutionary question. 
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